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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be num consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 


of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and rec dations 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Tuts JOURNAL. 

In preparing manuscripts for publication in Tx1s 
JouRNAL, center headings should be avoided as far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a” and continuing in natural order. 
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Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.” The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289(1927). 

References to books should be in the order given, 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, 
and (8) page number. A complete book reference 
may be illustrated as follows: 

(1) Gilman, H., “Organic Chemistry,” Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 

Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 cc., etc. 
The forms to be used are: cc., Kg., Gm., mg., mm., 
em., and L 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
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cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should 
be placed below the diagram (not on it), or, if 
lengthy, collected on a separate typewritten list, 
identifying each by its proper figure number and 
including whatever acknowledgments are necessary. 
Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indenta- 
tion in the photograph. All drawings and photo- 
graphs should be protected from bending and from 
the chance of having their edges torn while in tran- 
sit. Do not write on the back of a photograph. 
Any indentation in the photograph, however 
slight, will be likely to show as a blemish in the 
reproduction. All figures submitted must be referred 
to in the text of the manuscript, and should be 
numbered consecutively with Arabic numerals, 
e.g., Fig. 1, Fig. 2, etc. Kymograph tracings should 
not be submitted with the original experimental 
legends which are likely to have been hastily or 
carelessly inscribed. Authors may find it worth 
while to employ a professional draftsman to make 
the drawings in proper form for reproduction. 
Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily. The indiscriminate use of tables should be 
avoided. Tables should be constructed so as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable. 
Interpretative statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
as possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript. Every table and 
every column should be supplied with an appropriate 
heading. It is not necessary to place tables on separ- 
ate sheets, and in fact it is preferable to intersperse 
them in the manuscript. Tables should be numbered 
consecutively using Roman numerals. The table 
number and the title should be placed in a continuous 
heading above the data presented. The preparation 
of a clear and concise table of data requires much 
planning and infinite care. 


Clinical Toxicity of Thiouracil 
Suggested Plans for 
Practical Guides to New F.D. 
Survey of Pharmacy Laws, by 


Frederick B. Power 


Iptural Panel 


Table of Metric Doses, 1 


LIST OF MISCELLANEOUS REPRINTS 


ae and Instructive Pharmaceutical Articles—(15¢ each). 


Pu. A. Official Roster and Pharmaceutical Directory 
. Animal Experiments Needed? by A. C. Ivy and A. F. Zobel 


Labeling Regulation 
Proposed Uniform State Deena Act 
The Relation of the Pharmacopoeia to 


to the Pharmaceutical Profession 
Report on a Collaborative S =< ooo of Ergot, by R. G. Sasith 


Pictures— ($1 each; 50 any 2) 
The Laboratory (a famous ceed picture) 


Miscellaneous Items 
A. Pu. A. Code of Ethics—In two colors, sizes 12 x 18” or 10 x 1344", 25¢ 
Badianus Manuscript—color plate reprint, 50¢ 
The Oath and Prayer of Maimonides (2 colors), 25¢ 
4g¢ each, 100 for $1.25 


Phos- Kai-Elpis—Sculptural 


i 
fe 
» 
j 
a 
- 
= 
‘ { fi 


Scientiric Epir1on 


Another Important Beckman Development... 


_ THE NEW BECKMAN 
Flame Photometry Attachment 


FOR BECKMAN DU SPECTROPHOTOMETERS 


> Greater Compactness 


> Higher Accuracy 
> Lower Sample 


Consumption 
> Maximum Convenience 


THE NEW BECKMAN FLAME PHOTOMETRY 
ATTACHMENT for the Model DU Spectropho- 
tometer sets entirely new standards of compact- 
ness, convenience, and accuracy. It features a 
trouble-free unitized atomizer-burner which 
sprays even cloudy or highly concentrated solu- 
tions indefinitely without clogging. In opera- 
tion, Semmes solution is discharged directly 
intot ame through the large diameter noble- 
metal atomizing tube. The flame is supplied by CUTSTANSING 


: THE NEW BECKMAN 
standard oxy-hydrogen or oxy-acetylene equip- 
ment. FLAME PHOTOMETRY ATTACHMENT 


The compact, hot flame coupled with the Small Sample—only | to 3 mi of sample 
unexcelled resolution of the well-known Beck- solution required per analysis. 
man DU Spectrophotometer provide an instru- Low Fuel Consumption—about 8 cubic feet 
ment capable of the quantitative determination of oxygen per hour, and 5 cu. ft./hr. of 
of more than forty elements, including heavy acetylene or 20 cu. ft./hr. of hydrogen. 
metals and rare earths, as well as the alkali Aquecus or Nonequecus Selutions—even 
metals. combustible solvents may be used. Organi¢ 

This new instrument features the same solvents often increase sensitivity. 
high quality characterizing all Beckman instru- Automatic Sample Positioner—protects the 
ments, yet is available at a new low price for operator, is fast, convenient, and precise. 
comparable equipment. See your nearest au- The atomizer-burner, sample-positioning 
thorized Beckman Instrument dealer for full 
details, or write direct! metal housing. All necessary regulators 
and gauges (except standard regulators on 
fuel and oxygen tanks) are conveniently 
mounted on a separate control panel. 


souTH PASADENA42, CALIFORNIA 


Factory Service Branches: Chicago * New York Los Angeles 


October, 1951 

| 
{ ry 
| 

j 

| 
| 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XL, No. 10 


High quality 
Capacity—4 oz. (120 grams) Prescription 
Sensitivity—1 /10 grai 
Path Genuine light mehogeny Scale made by 
Price—$135.00 Geblect HENRY TROEMNER 
change w ) Manufacturer of the Finest 
PROMPT DELIVERY Scales for the Druggist 
on ng as well as other class A Since 1840 
scaies 
No. W35 (all glass i 911 Arch Street 
$100.00 Philadelphia 7, Pa. 
No. W33 90.00 (Send for Circular A-A) 


PHILADELPHIA COLLEGE 
of PHARMACY and SCIENCE 


Opportunities for interesting and successful careers in Pharmacy, 
Bacteriology, Biology and Chemistry are offered to young 1 
and women through courses of study in these fields leadin 

Se. degrees. Graduate study and research leading to ' 
and D.Sc. degrees offered. Write for catalog. 


Forty-third Street, 
Kingsessing and 
Woodland Avenues, 
Philadelphia 4, 
Penna. 


Founded in 1821. 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the field of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this 
area. 

The Massachusetts College of Pharmacy is located in a great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 


ther study in pharmacy, pharmaceutical chemistry, and pharmacognosy. A few fellowships are 
available. 


For additional information, write to HOWARD C. NEWTON, Dean. 


BOUND VOLUMES 

Journal of the American Pharmaceutical Association, $10.00 
Order from the Association 

2215 Constitution Avenue N.W., Washington 7, D. C. 


UNUSUAL OPPORTUNITY 


For man with degree in pharmacy to man- 


DRUG STANDARDS 


age and expand a fast- -grow ing manufactur- 
ing pharmaceutical plant in Kansas City, 
Mo. Experience in tablet compounding, pel- 
let machines, pharmaceutical production re- 
quired. If you can qualify and are interested 
in a permanent job with a real future, send 
a résumé of your educational and work ex- 
perience background. 


Box 1051, Scientific Edition, Journal of the 
American Pharmaceutical Association, 2215 
Constitution Ave., Washington 7, D. C 


(formerly Bulletin of the 
National Formulary Committee) 


Single copies, $1.00. 
Annual Subscription, $5.00. 


Order from 
The American Pharmaceutical Association 
2215 Constitution Ave., N.W. 
Washington 7, D. C. 


IV 
| 
x 
| 
.| | 


October, 1951 


Completely revised from cover to cover 
with many new items listed 


Thumb indexed for easy reference 


PYREX, VYCOR, and CORNING brand 
Laboratory Glassware described and illus- 
trated in detail 


Valuable pointers on how to use the equip- 
ment more effectively. 


CORNING GLASS WORKS 


1851 100 YEARS OF MAKING Gl 


ASS 


ScrentiFic Eprrion 


Announcing 


CATALOG LP-31! 


CORNING’S NEW LISTING 

OF LABORATORY GLASSWARE... 
THE LABORATORY TECHNICIAN’S 
HANDBOOK. 


Your inquiries for special apparatus or 
modifications of standard listed items are 
invited. 

If you have not already received your 
catalog, a request on your company letter- 
head will bring you a copy. 


CORNING, N.Y. 


| 
| 
| 
| 
\ See 
| | 
| 
| 
| 
| 
| 
| 
| 
Coenieg means research 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XL. No. 10 


SELECTED LIST OF PUBLICATIONS 


The American Pharmaceutical Association 


2215 Constitution Ave., Washington 7, D. C. 


(Domestic Prices) 


NATIONAL FORMULARY—A book of official formulas and legal standards for drugs. One 
of the official compendia under Federal and State Food and Drug laws. Latest edition avail- 
able from Mack Publishing Co., 20th & Northampton Sts., Easton, Pa. Alll other editions 
available from the American Pharmaceutical Association. Each Edition: |, Ill, IV, V— 
$4.00; (Paper)}—$2.00; VI—$5.00; VII—$6.00; VIII—$7.50. 


DRUG STANDARDS (formerly Bulletin of the National Formulary Gonnines)—Sechground 
material from which official standards are developed. Published bi-monthly $ 5.00 


PHARMACY WEEK MATERIAL—Pamphlets dealing with interesting pharmaceutical subjects 
for addresses, radio scripts, etc.—10¢;' Newspaper mats—15¢.' Write for list of subjects | 
covered. | 


PHARMACEUTICAL ABSTRACTS—Contains abstracts of most significant pharmaceutical | 
literature for years 1935 through 1947. Each volume... .. $ 5.007 | 


YEAR BOOKS AND PROCEEDINGS—No other set of volumes of equal comprehensiveness | 

rtaining to the development of American Pharmacy is available. Complete sets are now | 
Cecoming, rare. Volumes for 1852 to 1856, 1859, 1861, and 1946 to 1949 not available. 

Each year's volume, Cloth—$4.00;* Paper or $ 


TO YEAR to 1902, 00; 1903 to 1925, 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION—Practical Phar- 
macy Edition, yearly subscription—$4.00; Scientific 00; 
Both Editions—$7.00; Bound Volumes, either Edition. . . . . $10.00 


GUIDANCE LEAFLET NO. 14—Latest apie regarding opportunities in pharmacy, 
requirements for admission to colleges of pharmacy and to the practice of pharmacy. It 
also lists the accredited schools of = Single copies—10¢.* (Postage extra except 
for single copies.) 


MONOGRAPHS—Aconite—$2.00; Bergamor Oil—$1.25. 
A NEW NOMENCLATURE OF CHEMISTRY, 1796. Morveau, Lavoisier, Berthollet and 


Fourcroy, translated by Lyman Spalding. Paper, photostatic reproduction............ $ 1.00 
U. S. PHARMACOPOEIA | of proof pages 
script corrections of Elisha DeButts, 40 pp...... $ 3.00 


PHARMACOPOEIA SIMPLICIORUM, 1778—Reproduction of first pharmacopoeia to ap- 
peer in the United States; prepared for the uate hospital of General Werngien’ $ 


A. PH. A. CODE OF ETHICS—Leaflet, single copies free; 2 to 500 copies 1¢ each; 500 
to 1,000 copies 10% discount; over 1,000 copies 15% ; (Postage extra) En- 
larged in two colors, 12 x 18” or 10 X 1314" at 25¢ each 


REPRINTS FROM JOURNAL—Write for list of those available. 


' Any three items, except edvertising mats, supplied without charge. Any 12 items plus advertising mat for $1. 

2 Available in bound volumes, 1935, 1941, 1944 to 1948. Available in unbound volumes of Scientific Edition ~—" the Journal, 
1936 through 1940 and 1943 at $4.00 per volume 

? Write for complete details of available volumes. 

* Write for prices on more than 50 copies. 


VI | 
| | 
| | 
| 
| 
| | 
| 
i | 
i] 
| 
| 
| | | 
is | 
| 4 
| 
{ 
| 
| 
| 
| 


October, 1951 Screntiric Epirion 


VERSATILE VEEGUM HV 


inorganic + non-toxic « non-irritating 


FOR 
VEEGUM HV suspends at lower viscosity than organic 
| SUSPENDING | gums, or suspends more efficiently at equal viscosity. 
Thixotropic characteristics give added suspending ability. 
A 3% dispersion of VEEGUM HV will form a stable 


emulsion of 35% medium viscosity mineral oil in water. 
bbe Smaller amounts of VEEGUM HV stabilize many types of 


emulsions over a wide range of pH. 
VEEGUM HV insures controlled, stable, high viscosities 


THICKENING with low solids. A 4% VEEGUM HV dispersion in water 


at room temperature gives a viscosity of about 300 
centipoises; 5%, about 1000 centipoises. 


WRITE TODAY FOR *Colloidal Magnesium 


Aluminum Silicate 


R. T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


Technical Veegum HV LY. 
Bulletin 110 Sample 230 PARK AVE ’ NEW YORK 17, N. Y. 


WANTED— JOURNALS OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 
SCIENTIFIC EDITION 
1912: March, April, May, June, July. 1913: May. 1914: May, June, 
August, September, October, November, December. 1915: January, 
February, March, April, May, June, July, September, October. 1916: All 
issues. 1917: January, March. 1918: January, February, April, May, 
December. 1919: January, March, August, October, November. 1920: 
January. 1922: January. 1938: January. 1940: January. 1941: April. 
1944: January, April, June, August. 1945: January, February, March, 
April, June. 1946: January, February, March, April, November. 1949: 
January. 1950: January. 1951: January, April. 


PRACTICAL PHARMACY EDITION 
1940: August, November. 1941: January. 1945: April. 1946: January. 


Special offers for these issues will be quoted upon request. 

Please ship to the American Pharmaceutical Association, 2215 Constitution Ave., N. W., 
Washington 7, D. C. Number each package in the shipment consecutively starting with 
“one” and mark clearly the name and address of the sender. Mail packing lists to the 
American Pharmaceutical Association. 

List of October, 1951 subject to withdrawal without notice. 


vu 
== 
| 
= 
| | 
| | 
&g 


are Naturally superior 


The AMERCHOLS ore surfactants which are NATURALLY good for the 
skin and hair. They are odorless, color free forms of cholesterol and 


related rare sterols which we isolate in purified form from animal 
tissues. They are stable in the presence of acids, alkalies and most 
drugs. 


WE KNOW OF NO CASE OF ALLERGY DUE TO AN AMERCHOL 


Our 


liable to you for advice and inform- 


AMERCHOLS in 


RESEARCH TOOLS 


The name of Winthrop-Stearns Inc., is firmly 
established in your mind as a top-bracket man- 
ufacturer of pharmaceuticals. But... did you 
realize that its Special Chemicals Division also 
supplies laboratory quantities of research chem- 

@ AMINO ACIDS 

@ PRESSOR AMINES 
@ ENZYMES 

@ INTERMEDIATES 


Send for complete price 


SPECIAL CHEMICALS DIVISION 


1450 BROADWAY, NEW YORK 18, N. Y. 


Handsome Duralle Binders 
for Journals of the American 
Pharmaceutical Association 


Combination Sets for Practical Pharmacy and 
Scientific Editions $5.50 a pair 
For Single Editions $3.25 each 


These binders open flat as «4 
bound book. Made of durable 
imitation leather, they will pre- 
serve your journals permanently. 
Each cover holds 12 issues (one 
volume)... .Do your own bind- 
tng. Instructions easy to follow. Mail 
coupon for binders on 10 day tria!. 


SUCKERT LOOSE-LEAF COVER CO. 
234 W. LARNED ST. DETROIT 96, MICH. 


Mail postpaid....binders for the Journal of the 

American Pharmaceutical Association [) Practical 

Pharmacy Edition Scientific Edition for years. ..... 
. Will remit in 10 days or return binders collect. 


4, 


the > MOST ACTIVE AND EFFICIENT FORM 
0/W end W/O emulsions. F = 
3 
| 
3 


Scientific Edition 


JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 
ASSOCIATION 


Numser 10 
Consecutive No. 20 


Iodine in the Atomic Age* 


By GEORGE M. CURTIS 


HAT IODINE is of major consequence in any 
consideration of the essential nature of thy- 
roid activity, or of thyroid disease, long has been 
a matter of common knowledge. The thyroid 
gland is a principal storehouse for iodine. The 
thyroid hormone has a high iodine content. The 
use of iodine in the prevention, as well as in the 
treatment of goiter has become even household 
conversation. In fact, iodine is now generally 
regarded as a nutritional necessity. Neverthe- 
less, trite as now may sound this older account, 
newer facts are constantly being added, with the 
resultant opening of even wider horizons in our 
understanding of the evolving story of the clini- 
cal significance of iodine. 
It is established that iodine is constantly pres- 
ent in human blood. A part actually forms a 


fraction of the circulating thyroid hormone.. 


The intake of food iodine fluctuates. There 
ensues a consequent variable loss of iodine from 
the body by excretion. The level of the blood 
iodine varies. Moreover, by measuring this 
variation we may obtain some idea of the secre- 
tory activity of the thyroid gland. Indeed, that 
portion of the blood iodine contained within the 
circulating thyroglobulin may actually be frac- 


* Received July 16, 1951, from the Department of Re- 
search Surgery, Ohio State University, Columbus, Ohio 

+t Presented to the Scientific Section of the A. Pu. : 
Atlantic City meeting, May, 1950, by Dr. George M. Curtis, 
recipient of the second (1949) Chilean Iodine Educational 
Bureau Award for outstanding research in the chemistry and 
pharmacology of iodine. 


tionated away and analyzed separately. This 
determination has become of considerable clinical 
value in recognizing variation of thyroid func- 
tion. 

After the development of the cyclotron by 
Lawrence it became possible (1940) to prepare 
radioactive iodine forexperimental purposes. This 
was created by bombarding elemental iodine or 
even an entirely different element, tellurium, with 
high-speed protons. The biologic use of radio- 
iodine has already added greatly to our knowledge 
of the fundamental physiology of iodine as well 
as its utilization by the thyroid gland in health 
and disease. The use of one of the radioactive 
isotopes of iodine, I'*!, as a “‘tracer’’ or in the 
preparation of ‘autographs,’ nas been most 
fruitful in adding to our knowledge of endogenous 
iodine metabolism. 

It is the purpose of this address to present a 
brief sketch of the background history of biologic 
iodine, thus better to orient ourselves to the 
more recent developments. Then, to outline 
those principles underlying the human iodine 
requirement; to present certain features of the 
metabolism of iodine as related to nutrition as 
well as to thyroid function in health and disease; 
to demonstrate something of the action of radio- 
iodine; and finally to consider certain of the 
newly discovered principles which underlie the 
clinical use of radioiodine in the treatment of 
thyroid disease. 
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HISTORIC BACKGROUND 


The ancients used burnt sponge and seaweed in 
the treatment of goiter. This was a fortunate em- 
piricism as the nature of goiter was but little under- 
stood and iodine was unknown. Iodine was dis- 
covered in 1811 by a French pharmacist, Courtois 
(1). Napoleon was blockaded in France by the 
British fleet. It was consequently impossible for 
him to import sufficient foreign nitrates to make gun- 
powder. He appealed to his scientific staff who 
made it possible to process the cruder local supplies 
of available nitrate by treatment with a lye made 
from the ash of seaweed. This was carried out in 
large copper vats. Some unknown substance cor- 
roded the vats. Upon investigation this proved to 
be a new element, iodine. Thus, like the develop- 
ment of the bomb, the discovery of iodine resulted 
from the stress of military necessity. 

Soon afterward Sir Humphrey Davy demonstrated 
the presence of iodine in sponges, seaweed, and vari- 
ous other forms of marine life. As a logical se- 
quence, a British physician William Prout (2) pre- 
scribed the new medication, iodine, as early as 1816 
in the treatment of goiter. Two Swiss physicians, 
Coindet de Généve (3) and Straub von Bern used 
iodine as early as 1820 for a similar purpose. Since 
that time iodine and the goiter problem have become, 
and remain, inseparable. 

In 1831 a young French chemist, Boussingault, 
recorded that in the Andes, where goiter is prevalent, 
the sea salt of Guaca was used as a “‘cure.”” More- 
over, that the districts in which an iodine-rich salt 
was used, were free from goiter. This was followed 
by other similar investigations, resulting in the de- 
velopment of Prevost’s theory, and its announce- 
ment in 1849. Prevost maintained that there was a 
direct relation between the supply of iodine and the 
incidence of goiter. His theory was further sub- 
stantiated by the subsequent extensive chemical 
studies of Chatin (4). Chatin published a series of 
pertinent papers in the ““Comptés Rendis” between 
1850 and 1876. These presented the best support- 
ing evidence available up to that time. 

As a consequence of Chatin’s findings, three 
French provinces attempted iodine as a preventive 
against the development of goiter as early as 1860. 
The results were not satisfactory. It is not so dif- 
ficult to understand the ill effects of that extensive 
experiment in the light of recent investigation. Any- 
way, the use of iodine as a goiter prophylactic was 
even denounced before the French Academy of 
Medicine by Rilliet, and rapidly fell into disrepute. 
The general use of iodine as a preventive against the 
development of goiter thus received a severe set- 
back. During the ensuing thirty-five years other 
theories arose as to the nature of goiter. It was 
during this thirty-five year period (1860-1895) that 
the infection theory of the origin of goiter gained 
credence. This was doubtless due to the wide at- 
tention attracted by the contemporary discoveries 
of Louis Pasteur. 

Theodore Kocher (1841-1917), pioneer student 
of the surgical problems concerning goiter, was well 
aware of the alleged relation between iodine defi- 
ciency and subsequent enlargement of the thyroid 
gland. In fact, he assigned to one of his assistants 


the problem of investigating the chemistry of the 
thyroid gland, to see whether or not it contained 
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unusual amounts of iodine. The assistant, using the 
inadequate methods of biologic iodine analysis 
available at that time, failed to find iodine and thus 
missed making a discovery of fundamental signifi- 
cance. Sometime later, Kraske, for whom the 
Kraske operation was named, at that time professor 
of surgery at the University of Freiburg, asked one 
of his colleagues to make a similar investigation. 
Emil Baumann (5) succeeded, and demonstrated in 
1895 that there were quantities of iodine within the 
human thyroid gland. As final proof Baumann ac- 
tually isolated and demonstrated iodine before one 
of his scientific societies, in its characteristic violet 
vapor form, in tubes. The significance of such a 
major contribution was widely appreciated. 

There consequently ensued a widespread renewal 
of interest in the interdependence of iodine and the 
thyroid gland. Again iodine was used preventively 
in the treatment of goiter. David Marine (6) and 
his associates obtained significant results in 1917 in 
Akron, Ohio, by administering small amounts of 
iodide to schoolgirls. Other investigators in other 
countries were likewise successful. 

Several earlier studies had resulted in the surmise 
that the thyroid gland actually takes up iodine 
and fashions it into a hormone, and that probably 
the thyroid hormone actually contained iodine. 
These researches were carried to their logical con- 
summation by Kendall (7), who actually used 
quantities of beef thyroids in isolating in 1914 a 
small amount of crystalline substance. After sub- 
sequent extensive chemical investigation he called 
this substance thyroxine and designated it as the 
secretion of the thyroid gland. Kendall's thyroxine 
contained 65°) iodine. With his associates he at- 
tempted the formula of thyroxine but was unsuc- 
cessful. As a consequence he could only isolate it 
by extraction from the thyroid gland and was not 
able to synthesize it. 

Harington and Barger working in London noted 
certain discrepancies in the given chemical composi- 
tion (8). As a consequence they first isolated suf- 
ficient quantities of pure thyroxine, using methods 
giving a considerably greater yield, and then deter- 
mined its true chemical structure. Working from 
this formula they were actually able to synthesize 
the hormone of the thyroid gland outside of the 
animal body. 


NEED OF AN ADEQUATE MICROMETHOD 


It thus became clear that, in order to study further 
the metabolism of iodine in the human body, bio- 
chemical micromethods must be developed, so ac- 
curate that they would determine quantitatively the 
minute amounts of iodine ordinarily present bio- 
logically. True, the amount of iodine in the thyroid 
gland was high. On the other hand, the amount 
normally present within the ingesta, within the 
blood, the living tissues and excreta was truly 
minute. Chatin had learned this in his earlier ex- 
tensive studies. 

The thyroid iodine was readily determined by 
employment of the older, coarser methods, owing to 
its relatively high concentration (31). This did not 
hold, however, for the blood and tissues. Davy 
had originally separated and determined the iodine 
present in sponges, by ashing the organic material 
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The principle of his method has been widely fol- 
lowed. For many years methods were devised for 
the determination of the iodine content of ordinary 
foods. None of these, however, was sufficiently 
delicate even to detect the minute amount of iodine 
present within the quantities of human blood ordi- 
narily used for chemical analysis. 

Thus, advancing investigation into the details 
of human iodine metabolism created an acute de- 
mand for an adequate biologic micromethod. In 
1922 Theodore von Fellenberg, chemist to the Swiss 
government, developed such a procedure (9). This 
would determine one ten-thousandth of one milli- 
gram! (0.0001 mg.) or one three hundred-millionth 
of an ounce of iodine. Facilities were thus avail- 
able to commence an extensive investigation of io- 
dine as it occurs in nature, and particularly in its 
relation to man. 


HUMAN REQUIREMENT OF IODINE (17) 


The quantity of iodine necessary to answer the 
daily needs of the human body should be sufficient 
to meet the daily losses by excretion, as well as main- 
tain within the body such reserves as may be re- 
quired in the manufacture and distribution of an 
adequate supply of thyroid hormone. The amount 
of iodine intake, however, and particularly in certain 
geographic regions, is not always equal to the phys- 
iologic needs. This is in contrast with the organ- 
ism’s chlorine requirement, which is more readily 
met because of the association of this element with 
the sensation of taste. 

The fundamental question thus arises: How 
much supplemental iodine is necessary in those 
regions in which goiter is prevalent, in order to pro- 
tect the populace from the effects of iodine defi- 
ciency? Thus far, three methods have been de- 
veloped in attempts to answer this question. 

By the geographic method the iodine intake of the 
inhabitants of goiter-free areas is determined and 
compared with that of areas of varying degrees of 


10.001 mg. is designated a microgram, or often a gamma. 


TABLE I*. 
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goiter incidence. The difference in the amount of 
average iodine intake is then regarded as the amount 
of supplemental iodine required. According to von 
Fellenberg’s reckoning the annual iodine intake in 
one goitrous and one practically goiter-free area in 
Switzerland was 4.7 and 11.4 mg., respectively (9). 
Calculating from this, the iodine requirement would 
be in the neighborhood of 30 yg. daily, a figure now 
regarded as extraordinarily low. Estimating on the 
basis of determinations of the average daily urinary 
loss of iodine, which is an unusually accurate barom- 
eter of the iodine intake of a given area, the daily 
iodine requirement would lie somewhere between 
100 and 200 yg. (10, 15) (Table J). 

The principle of thyroxine formation and decay 
was originally outlined by Plummer and Boothby 
(11) and subsequently developed by Thompson 
(12). Plummer and Boothby observed that the 
daily rate of thyroxine decay ranged between 200 
and 400 wg. Thus, a daily supply of thyroxine in 
this quantity maintained a normal basal metabolic 
rate in a “totally myxedematous patient.” Thomp- 
son and his group concluded that from 300 to 400 
ug. of thyroxine was necessary to maintain a normal 
basal metabolic rate in myxedematous patients at 
bed rest. On the basis of these results the amount 
of thyroxine supplied daily to the circulation by the 
thyroid gland, in order to maintain normal meta- 
bolic activity, is equivalent to from 130 to 260 yg. 
of iodine. The uncertain factor here, however, is 
that iodine-containing end products of thyroxine 
decay may be retained and eventually re-utilized 
by the thyroid gland in the further synthesis of 
thyroid hormone. 

Studies of the total iodine balance (Figs. 1, 2, 3 
and Tables II and III) constitute the third principle 
which has been employed. The iodine balance 
represents the daily amount of iodine lost or retained 
by the body, as ascertained by the difference be- 
tween the amount of iodine intake and excretion 
(Fig. 1). Pioneer determinations of iodine balance 
were accomplished by von Fellenberg (9), who re- 
ported low values and consequently a low daily 
requirement. The balance studies of Scheffer (13) 


~Tue Norma Dairy HUMAN URINARY IODINE EXCRETION 
IN VARIOUS GEOGRAPHIC REGIONS (10) 


Geographic Region 


Range in Daily 
Urinary Iodine 
Excretion, 


Av. Daily 
Urinary Iodine 
Excretion, 


Investigator 


Nongoitrogenic Regions 


Danzig 
Berlin, Germany 
Vik-i-Sogne, Norway 


New Orleans, La. 
Forte dei Marmi, Italy 


Liek 
Scheringer 


v. Fellenberg 
Moore” 


v. Fellenberg 


(17 women) 
(7 men) 


103-214 
94-240 
60-270 


Av. normal 24-hr. urinary iodine (in five “‘goiter-free’’ regions) 


Goitrogenic Regions 


Effingen, Switzerland 
Columbus, Ohio 
Sandsvaer, Norway 
Lwow, Poland 

Pecs, Hungary 


v. Fellenberg 
The authors 
Lunde 


Scheffer 


Elmer and Scheps 


Av. normal! 24-hr. urinary iodine (in five goitrogenic regions) 42 


* Note the great variability in the daily urinary loss; however, the diminished average excretion in the goitrogenic re- 
ons. 
+ We are indebted to Margaret C. Moore, of New Orleans, La. for permission to include these data. 
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Tasie Il*—Tue Human loping BALANCE DURING PREGNANCY 
— lodine — Blood 
Output lodine, 
Date Weight, Urine, Feces, Sweat, Total, Intake, Balance, BR. BMR, 
Period Started Kg ue. Date % % Remarks 
2-13-37 64.5 163 28 25 216 104 —110 2-12-37 


Il 2-16-37 64.1 194 18 31 24 


3 


il 2-19-37 64.5 166 32 18 216 


105 — 138 
77 — 139 


2-17-37 
2-22-37 5.6 +3 


* Woman of 26, pregnant eighth month; dietary intake 2.170 calories with 49 Gm. of protein (14). Note high negative 


balance on a low iodine intake 


made in Pecs, Hungary, revealed that 54 yg. of 
daily iodine intake was sufficient to maintain the 
iodine balance in a norraal person. 

Ohio State University studies (Figs. 1, 2, 3 and 
Tables II and III) were made on normal persons 
maintained at bed rest on a monotonous diet low in 
iodine content, under controlled hospital conditions 
(14). Under these circumstances the basal human 
adult iodine requirement was found to range from 
44 to 75 ug. daily and to average 67 ug., or approxi- 
mately 1 ywg./Kg. of body weight. This average 
daily requirement is comparable to that determined 
by Scheffer (13). However, it should be emphasized 
that it applies to adults maintained under controlled 
basal conditions. Moreover, to arrive at an opfi- 
mal iodine requirement, it is necessary to take into 
account individual activity as well as the varied 
stress and strain of existence (16). 

After consideration of the difference in iodine in- 
take between goitrogenous and nongoitrogenous 
regions (Table I) and the amount of iodine esti- 
mated as necessary to maintain normal metabolic 
activity, 2 wg. daily per Kg. of body weight, to- 
gether with the daily basal requirement of 1 yug., 
can be reasonably justified as an amount sufficient to 
account for basal needs, those of ordinary activities, 
and also some for reserve. The optimal daily re- 
quirement would thus be somewhere near 200 yg. 
for an adult of 70 Kg., a value compatible with El- 
mer’s deduction from various investigations that 
the human optimal requirement ranges between 100 
and 200 yg. daily (16). The pregnant woman 
should receive additional iodine (Table II). A suf- 
ficient amount will be supplied by the daily use of 
iodized salt (17). 

Various methods of supplying supplemental iodine 
to the inhabitants of iodine-deficient areas have been 
advanced. These include the use of foods known to 


Taste III‘. 


THe lopINneE BALANCE IN DISEASES OF THE THYROID GLAND 


(A Comparison of the Iodine Balance of Normal Individuals with that of Nodular and Exophthalmic 
Goiter Patients 


be rich in iodine, iodinization of water supplies, ad- 
ministration of iodine at regular intervals in the 
form of solutions or tablets, the general use of 
iodized salt, and the consumption of iodized milk 
(Fig. 2). 

The use of iodized salt has thus far proved the 
most widely adopted method. The nearly universal 
employment of common salt for seasoning and cook- 
ing, as well as the ready preparation and low cost of 
iodized salt, makes this the popular method. The 
use of milk with an increased iodine content has also 
been suggested as suitable, especially for children 
who ordinarily consume large quantities. Effective 
iodine prophylaxis should conform to local condi- 
tions, since no single method will reach all those 
persons who need iodine. 

The iodized salt originally recommended in 1924 
by the Michigan State Medical Society in conjunc- 
tion with the State Board of Health, and subse- 
quently employed in Michigan with such outstand- 
ing results, originally contained 0.02% of sodium 
iodide (17). However, after careful consideration, 
the Goiter Study Committee of the American Public 
Health Association reached the conclusion that the 
addition of 0.01% of potassium iodide plus a sta- 
bilizer should be sufficient. The importance of a 
stabilizer was emphasized in view of previous ex- 
perience that iodine may be lost from iodized salt 
and thus impart a yellowness and a halogen odor 
on liberation of elemental iodine. 

It has been estimated that the average adult in- 
gests about 6.2 Gm. of salt daily. Calculated on 
this basis, the approximate amount of potassium 
iodide intake would be 620 yg., which is equivalent 
to about 474 ug. of iodine. This is more than twice 
the amount we have suggested as optimal and would 
amply provide a person with a sufficient reserve 
(17). 


Average Average 


Total 
‘of In- Averag Blood. Average Output per 3-Day Period 3 
Type of Pa- vesti- BMR, Iodine Urine, Feces, Sweat, Total, Period Period, 
Goiter Present tients gation % ag we. 

1. None—normal 
controls 3 24 Minus 7 4.3 154 31 28 213 87 — 126 
2. Nontoxic nodular 2 18 Minus 8 3.0 120 31 29 180 74 — 106 
3. Toxic nodular 2 15 Plus 28 8.5 323 149 38 510 117 — 393 
4. Exophthalmic 3 33 Plus 40 9.0 204 164 46 414 86 — 328 


14) 


* Note the increased negative balance in patients with hyperthyroidism, also the increased BMR and blood iodine levels 
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THE CIRCULATING THYROID HORMONE 


Another problem in which an adequate micro- 
method of determining biologic iodine has proved 
of real clinical value is in the estimation of the 
amount of circulating, iodine-containing, thyroid 
hormone. The nature and amount of the blood 
iodine has thus become a useful clinical index of 
thyroid function. Thus, in patients with toxic 
nodular and exophthalmic goiter, the whole-blood 
iodine (18), along with the basal metabolic rate 
(19), as well as the excretory iodine (15), are signifi- 
cantly higher than normal (Table III). It is im- 
portant to know how much of this blood iodine is 
directly resultant to the intake iodine of nutrition 
(Table II), to the various diagnostic procedures 
which may have been applied and to any previous 
therapy; as well as how much is dependent on the 
daily formation of thyroid hormone and its break- 
down products. As a consequence, various frac- 
tionation methods have been devised to determine 
which portion of the blood iodine most nearly coin- 
cides with the “circulating thyroid hormone.”” One 
of the early problems encountered was to separate 
the iodine bound to the proteins of the blood from 
the more soluble “inorganic” fraction. Even more 
precise steps of delineation have been developed 
by Salter. Nevertheless, with the simpler clinical 
methods now available (29), the differential diagno- 
sis of thyroid disease has become more precise. It is 
now possible actually to differentiate hyperthyroid- 
ism from hypermetabolism (30). 

After an extensive series of studies, it became evi- 
dent that in central Ohio the average normal basal 
metabolic rate was minus 5 + 8% (19) and the 
corresponding whole-blood iodine 4.2 + 1.2 yg. %. 
The average normal protein-bound iodine of whole- 
blood (acetone-insoluble) was 0.9 + 0.2 yg. % (20). 
This fraction is significantly decreased in patients 
with hypothyroidism (20). Helpful clinical progress 
has recently been made in recognizing the early de- 
velopment of hyperthyroidism by correlating the pro- 
tein-bound blood iodine with the basal metabolic rate 
as well as the symptoms ordinarily suggestive of hy- 
perthyroidism (30). 

Thus, in 178 patients with uncomplicated non- 
toxic nodular goiter, it was found that the protein- 
bound blood iodine increases progressively from 
0.51 wg. % in those with basal metabolic rates below 
minus 21% to 1.32 wg. % in those exhibiting basal 
metabolic rates above plus 11% (21). A signifi- 
cant linear relation between the basal metabolic 
rate and the protein-bound blood iodine was thus 
established in uncomplicated instances of this di- 
sease. Moreover, of the 66.8% of these patients 
exhibiting hyperthyroid-like symptoms, 60°% had 
elevations of the PBI? and only 47% elevation of 
the BMR, thus demonstrating that the protein- 
bound blood iodine is a better index of thyroid func- 
tion than the basal metabolic rate alone (21, 22). 
However, both taken together are most helpful to 
the clinician. 

The protein-bound blood iodine has thus become 
an important aid in the differential diagnosis of those 
diseases which may mimic hyperthyroidism. These 
include hypertension, organic heart disease, ‘‘neuro- 
circulatory asthenia,” anxiety state, psychoneuroses, 


? The protein-bound blood iodine 
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Fig. 1.—Normal iodine balance. Note that the 
intake is purposely kept low; the urinary excretion 
is high end the balance consequently negative (14). 


neoplastic diseases, and certain endocrine disturb- 
ances, such as acromegaly and the adreno-cortical 
syndromes. In hyperthyroidism, the protein-bound 
blood iodine is increased; however, in the nonhyper- 
thyroid hypermetabolic states the protein-bound 
blood iodine is normal or may be even subnormal 
unless hyperthyroidism is also present (30). 


RADIOACTIVE IODINE 


Within the decade preceding the development of 
“atoms”’ to be used for destruction, iodine, and few 
elements even before it, had been going “‘atomic,”’ 
yet with a scientific intent then purely constructive. 
Thus, it had been found that these radioactive or 
“tagged”’ atoms could be employed to determine the 
ultimate fate of ingested substances in the body, as 
well as their intermediate history of absorption, 
distribution, synthesis, and eventual excretion. 
Prior to the use of these “radioactive isotopes” 
there was no method available for differentiating 
the iodine taken during a given experiment from 
that already present in the human body and par- 
ticularly in the thyroid gland. Radioactive iodine, 
in the truly minute quantities in which it could be 
employed, lent itself readily to the determination of 
the fate of intake iodine as well as to the process of 
the succeeding endogenous iodine metabolism. 
Studies using radioactive iodine (I'*') soon demon- 
strated that iodine was quickly brought to the 
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Fig. 2.—The effect of increased iodine intake on the iodine balance. Note 


the negative balance on a low intake and the storage resultant to adding supple- 


mental iodine (14). 


thyroid gland by the blood stream and there rapidly 
converted by the thyroid cells into diiodotyrosine 
and eventually thyroxine, the thyroid hormone (Fig. 
5), moreover, that within a matter of a few hours 
these organic iodine compounds returned to the circu- 
lation (23-25). 

From a consideration of normal thyroid activity, 
using the “tracer’’ method, was but a step to a more 
penetrating investigation of iodine metabolism in 
thyroid disease. ‘“‘Labeled”’ iodine, usually I'"', was 
used to study the pathologic thyroids of experimen- 
tal animals. Subsequently the metabolism of 
radioiodine in human thyroids, later removed at 
operation, was followed, particularly by ‘“‘auto- 
graphs” (26, 28) (Fig. 5). 


An investigation of the metabolism of radioactive 
iodine used as a “tracer” in studying six nodular 
goiters revealed that the nodular formations, and 
particularly one nodule of a fetal adenomatous 
type, were less active in their uptake than the sur- 
rounding thyroid tissue (24) (Fig. 5). This was 
demonsirated by the lesser iodine content in the 
nodules than in the paranodular tissues, a smaller 
radioiodine fixation and a slower turnover of iodine. 
Moreover, the formation of thyroxine, isolated chem- 
ically and determined by the “‘tracer’” technique, 
was comparatively slight in the nodular tissue(Fig.5). 
These studies were conducted chiefly on nontoxic 
nodular goiters. A study of toxic nodular goiter 
revealed that the paranodular tissue rather than 
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Fig. 3.—Iodine excretion continues during starvation. 


Note the increased fecal 


loss during the recovery period (14). 


the nodules themselves forms the greater part of the 
“toxic”’ secretion (32) 

The behavior of the nodular activity revealed 
that local factors by themselves may affect the 
iodine metabolism within the thyroid gland. In 
addition, other influences were demonstrated. 
Thus, a high level of the blood iodine “saturating” 
the gland with iodine may result in an increased 
storage of thyroxine inside the colloid (24). More- 
over, that so-important pituitary factor—the thyro- 
tropic hormone—when excessive or deficient, may 
activate or slow down the iodine turnover (25). The 
specific activity of the diiodotyrosine fraction has 
been found intermediary between that in the inor- 
ganic fraction and that in thyroxine, at least during 
the first forty-eight hours, thus possibly indicating 
that thyroxine is synthesized more slowly than di- 
iodotyrosine, its presumable precursor (24). 

The histologic method, or “autograph” technique, 
by utilizing the radiation effect of radioactive iodine 


on the photographic plate has made it possible to 
trace systematically the various states of the deposi- 
tion of iodine in the thyroid cell. A comparison of 
the chemical, biophysical, and histologic results 
reveals that radioiodine passes through the cellular 
epithelium of the thyroid follicles rather rapidly, to 
be stored eventually as diiodotyrosine and thyroxine 
within the thyroid colloid. 

A preferential distribution of radioactive iodine 
has been demonstrated in the colloid of normal rats 
(26), as well as in pituitary-treated and hypophy- 
sectomized animals (27). It can now be similarly 
demonstrated in the human thyroid gland, from 
studies made on surgically removed goiters. Micro- 
scopic sections of the diffuse hyperplastic goiter of 
Graves’ disease removed fifteen hours after the 
administration of radioiodine demonstrate this 
clearly (28) (Fig. 6). The storage of radioiodine 
within the colloid is noteworthy. The radioiodine 
has actually photographed itself, a manifestation of 
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Fig. 4.—The urinary iodine loss. Note the variability on an ordinary diet (C.S.) and the 
constancy (E.S.) on a monotonous diet (15). 


the atomic 


energy of I'**. It is localized within 
the colloid, its passage through the cell was only 


transient (Fig. 6). 


A similar study was made of a diffuse colloid _ tion. 
5). Again, in any given section, the 
radioiodine localizes preferentially within the colloid 
(28). Further comparative study of the different 
types, as well as the different parts of nodular 


goiter (Fig. 


Fig. 5 


Nontoxic Diffuse [Nontoxic Diffuse | 
Colloid Goiter | Colloid Goiter 
with Fetal- 
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BMR.+2 
Inorganic Iodine 
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goiters, should prove even more revealing. Struma 
nodosa trabecularis is embryonic in character, and 
quite cellular as well, with little or no colloid forma- 
It should, therefore, take up but a minimal 
amount of iodine, since iodine is stored essentially 
within the colloid. On the other hand, with struma 
nodosa microfollicularis one should usually obtain a 
significant “autograph.” 


Exophthaimic | Nontoxic Nedular | Neetesic Nedular |Nentexic Nodular | Toxic Nodular | 
Gorter with Goiter Geiter Goiter Goiter 


R.D. SR. mM RG Lo. 


The use of radioiodine as a “‘tracer.”’ 


N N PN PN N PN 


Note the variability of hormone formation in the 
different types of goiter (32) 
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Fig. 6.--The “autograph” effect of radioiodine 
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The figure at the left is the stained histologic section 


of the goiter; at the right is its “‘autograph."’ Note that fifteen hours after administration the radioiodine 
has passed through the thyroid cells and is stored in the colloid substance (28). 


The use of radioiodine, usually I'*', as a “tracer” 
under these conditions of varying thyroid disease 
demonstrates the rate of iodine storage within the 
thyroid, its rate of synthesis into diiodotyrosine 
and eventually thyroxine, as well as the subsequent 
mobilization, circulation, and elimination of these 
substances and their iodine-containing by-products. 
Its use as an ‘“‘autograph”’ enables a “follow-up” 
of its quantitative distribution into the various 
tissues. Radioiodine has more recently taken its 
place in the therapeutic management of certain 
forms of thyroid disease and particularly thyroid 
cancer. Thus, as iodine goes ‘atomic,’ our horizons 
widen, our facilities for learning become greatly aug- 
mented, new facts result in new ideas, and our hope 
for progress in the control of disease is again stimu- 
lated. 

This autograph (Fig. 6) is prophetic. Bichat 
demonstrated the significance of the microscopic 
structure of the various tissues. And Virchow 
taught us the significance of those changes which 
take place when disease enters and changes the 
normal histologic picture. Yet here we see the 
beginning of new microscopic science, demonstrated 
by “‘autographs,” which clearly is to follow. For 
in this we will learn more of histochemistry and the 
distribution of the various chemical substances so 
important to human metabolic processes, within 
the living cells and tissues. 
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The Concentration and Purification of Diphtheria 
Toxoid by Polyphosphate Precipitation* 


By MORRIS B. JACOBS and ROBERTA JACOBS GILLIS 


Cightate toxoid can be concentrated and purified by the use of a polephenghae 
an 


acid in a simple and convenient manner (1). A polyphosphate so 


ution and 


1 N acid are added to the crude bacterial filtrate. The toxoid is precipitated, leav- 
ing nearly all the nonspecific nitrogen in solution. This precipitate may be se 

arated from the supernatant by centrifugation and decantation. It is subsequently 
dissolved in 3 per cent sodium citrate solution. This solution mzy be standardized 
as to Lf. content and used for the preparation of purified fluid toxoid, polyantigens, 
and alum-precipitated toxoid. The method is rapid and inexpensive. It can be 
carried out with equipment which is generally available in bacteriological, chemical, 


D= the many methods which have been 

proposed for the purification and concen- 
tration of diphtheria toxoid, none has achieved 
widespread acceptance and crude detoxified 
bacterial filtrates are still employed prophylac- 
tically. There are two principal reasons for this 
lack of acceptance of such methods. First, the 
methods of purification proposed are generally 
time-consuming, and the losses are large, so that 
the processes are economically unfeasible and 
secondly, the equipment required for certain 
methods is relatively so expensive as to preclude 
their general use. 

A survey of the various methods which have 
been proposed for the purification and concen- 
tration of diphtheria toxoid and toxin discloses 
that these methods may be grouped for conven- 
ience into two major categories. These are, 
first, chemical methods, that is precipitation of 
the toxin or toxoid by protein precipitants, with 
subsequent solution of the separated toxin or 
toxoid in buffered mixtures; and secondly, phys- 
ical methods such as adsorption of the active 
material on an adsorbent with subsequent elution 
of the toxoid or toxin, or absorption of impurities 
on an absorbent such as activated carbon, or 
ultrafiltration. 

Solvent precipitation was investigated by 
Schmidt, Hansen, and Kjaer (2) who experi- 
mented with methyl and ethyl alcohol and ace- 
tone at various temperatures as low as — 10° and 
even earlier Brieger and his co-workers had used 
alcohol for the precipitation of diphtheria toxin. 
Pillemer and co-workers (3) studied the use of 
alcohols as precipitants for diphtheria toxoid 
exhaustively, and Pillemer's variation has been 
adopted as the method of choice by some in- 
vestigators. This method, however, requires 
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pharmaceutical, and immunochemical laboratories. 


several precipitations at temperatures not higher 
than —5°, facilities for storage of the toxoid at 
this temperature, and refrigerated centrifuges. 
In addition the method is scarcely less laborious 
than that of Pappenheimer (4). 


METHOD 


Diphtheria toxoid prepared from toxin obtained 
with Park-Williams No. 8 strain of Corynebacterium 
diphtheriae maintained on Bacto Veal No. 2 broth 
was precipitated by the addition of a solution of 
sodium salt of a polyphosphate and 1 N acid. The 
sample was then permitted to stand until a floccu- 
lent precipitate formed. The precipitate and 
supernatant liquid were then transferred to centri- 
fuge cups and centrifuged to separate the precipi- 
tate from the supernatant. The supernatant phase 
may be decanted off readily. The precipitate was 
dissolved in a 3% sodium citrate solution. In this 
form the concentrate may be stored until it is de- 
sired for use, the addition of Merthiolate 1:10,000 
being useful for preservation. 


PR.OCEDURE 


To 640 ml. of the diphtheria toxoid, 64 ml. of the 
10% sodium hexametaphosphate was added. After 
mixing well with a glass stirring rod, 72 ml. of the NV 
sulfuric acid was added. An immediate turbidity 
was noticed. When the mixture was allowed to 
stand for forty-five minutes at room temperature 
or for twenty to thirty minutes at 43°, the turbidity 
was resolved into a flocculent precipitate. The 
precipitate was gently mixed with the supernatant 
liquid and this mixture was transferred to 250-ml. 
centrifuge cups. The centrifuge was run at 2,775 
r.p.m. for five minutes. After this time the cups 
were removed. The precipitate was found packed 
hard and the supernatant clear. The supernatant 
liquid was decanted off and the centrifuge cups in- 
verted on filter paper and allowed to drain for five 
or ten minutes. Three milliliters of the 3% so- 
dium citrate solution was then pipetted into one of 
the centrifuge cups and the mixture was triturated 
with a clean smooth glass rod until the solid mate- 
rial was dissolved. This solution was then trans- 
ferred to a second centrifuge cup. The first centri- 
fuge cup was washed with 2 ml. more of the 3% 
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sodium citrate solution which was added to the ma- 
terial in the second cup. From there the material 
was transferred to a graduate and all the cups given 
a final washing with 2-5 ml. of the 3% sodium ci- 
trate solution, the amount depending upon what 
was necessary to give a total final volume of 20 ml. 
The sample was transferred to a small stoppered 
bottle or tube and stored. 


RESULTS 


The concentrated diphtheria toxoid produced 
by the above procedure was tested by the Ramon 
flocculation test. The purity of the product is 
given in terms of the Lf./mg. of nitrogen. The 
nitrogen determinations were made by one of the 
authors’ modifications of the Pregl-Parnas-Wagner 
method for the micro determination of nitrogen 
(5, 6). 


TaBLeE I.—TuHe CONCENTRATION OF DIPHTHERIA 
Toxor PrRopUCED UPON NATURAL MEDIA 


Vield, 
Sample Kf. % 
Original 60 min, 
4hr 


-F 6 hr. 10 min. 
-I 1 br. 40 min. 
-I 2 hr. 15 min. 
-I 
-J 


2 hr. 10 min. 
2 hr. 45 min. 


The purification factor may be defined as the 
number of times the Lf. concentration of a purified 
toxin or toxoid has been elevated over that of a 
parent or crude toxin or toxoid from which it had 
been prepared. The purification factor can be cal- 
culated by means of the formula: 


Lf./mg. N in Purified Toxoid 
Lf./mg. N in Parent Toxoid 


Purification Factor = 


With the aid of this formula, the purification factors 
given in Tables II and IV were calculated. Also 
listed in Tables II and IV is the per cent of nitrogen 
removed by the purification and concentration 
method employed in this work. In order to calculate 
this figure, the mg. of nitrogen per ml. of a given 
parent toxoid is multiplied by the number of ml. used 
in an experiment. This result is the total amount 
of nitrogen present. The mg. of nitrogen per ml. 
found for a given concentrated toxoid is multiplied 
by the volume of concentrate recovered. This re- 
sult is the total amount of nitrogen present in the 
concentrated toxoid. Dividing the second value by 
the first and multiplying by 100 yields the per cent 
of nitrogen remaining in the concentrated toxoid. 
Subtracting this result from 100 gives the per cent 
of nitrogen removed. 

The crude bacterial filtrate produced on natural 
media contained approximately 40 Lf./ml. and about 
10 Lf./mg. of nitrogen. The least concentrated of 
the treated material contained 610 Lf. units per ml. 
and the least purified of the treated material con- 
tained 362 Lf./mg. of nitrogen. Most of the mate- 
rial produced is considerably better than this. 
Both the products just mentioned resulted from 
variations on the most successful procedure which 
was detailed previously. An example of the ma- 
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TasLe PuRIFICATION OF DIPHTHERIA 
Toxor PRopUCED UPON NATURAL MEDIA 


Lf./Mg. 
Ny ki. 
4.35 10.0 
2.29 456 
2.605 492 
2.51 548 
1.45 421 
1.90 362 


Sample 
Original 
1-E 


TaBLe III1.—-THe CONCENTRATION OF DIPHTHERIA 
Toxomw PrRopucED UPON SEMISYNTHETIC MEDIA 


Yield, 
% 


Sample Lf./Ml. Kf., Min. 


TaBLe IV.—TuHe PuRIFICATION OF DIPHTHERIA 
Toxom PrRopUCED UPON SEMISYNTHETIC MEDIA 


Puri- 


Sample 


© 
a 


terial produced by the normal procedure is a product 
containing 1376 Lf. units per ml. and 548 Lf./mg. 
of nitrogen. The product just mentioned was con- 
centrated 32 times as a result of a single precipita- 
tion and has a purification factor of 54.8. There 
was no loss of material involved in the procedure 
since the product was recovered in 100% yield. 
The average purification factor was 48.4. This 
figure includes samples produced by variations in 
the method, as does the figure for the average yield, 
which is 95.9. 

When diphtheria toxoid produced upon the semi- 
synthetic media of Mueller and Miller (7) was 
used, an average of 1,962 Lf./ml. was obtained. 
The average purification factor was 42.8. The 
average Lf./mg. of nitrogen obtained in one pre- 
cipitation was 1,018, which is almost 50% purity 
if 2,146 Lf./mg. of nitrogen is accepted as the figure 
for 100% purity (4). 

Various other polyphosphates, such as sodium 
tripolyphosphate, tetrasodium pyrophosphate, and 
sodium tetraphosphate, in addition to sodium 
hexametaphosphate, were found applicable to the 
precipitation of the toxoid produced on semi- 
synthetic media. The flocculation time of this 
material was not increased appreciably over that 
of the original crude bacterial filtrate and all prod- 
ucts were recovered in 100% yield. 

The crude bacterial filtrate from which the above 
products were obtained, contained 72.6 Lf./ml. and 
23.7 Lf./mg. of nitrogen. The Kf. of both crude 
material and purified products was about fifteen 
minutes. 


|| 
| 
fication Removed, 
45.6 98.36 
I-F 49.2 98.13 
I-I 1 54.8 
I-12 42.1 97 .92 
1-13 36.2 97.27 
|| 
Original 72.6 15 or 
I-K 1 1,655 15 100 
I-K 2 2,333 15 100 
I-K3 1,655 15 100 
I-K4 1,655 25 100 
15 100 
I Lf./Mg. fication Removed, 
I | N] of N Factor % 
I 1 Original 3 23.7 
I 1 I-K 1 1 866 36.6 97 .26 
I-K2 1 1,200 50.7 98 .02 
1 1,021 42.2 97.69 
I-K4 2 807 34.1 97.08 
| 
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DISCUSSION 


The polyphosphate-acid method for the concen- 
tration and purification of diphtheria toxoid was 
chosen because of its ease, simplicity, and adapt- 
ability. Pillemer’s modification (8) of the ethyl 
and methyl alcohol method of Schmidt, Hansen, 
and Kjaer (2) is recommended by some authori 
ties, but the solvent method of precipitation has 
serious disadvantages which are inherent in the 
character of the materials used. The most serious 
is that the heat of solution of the alcohol in water 
is so high that it becomes necessary to use very low 
temperatures of the order of —20° for precipitation 
and centrifugation. As previously mentioned this 
requires elaborate equipment which is not generally 
available. 

The principal purposes in the concentration and 
purification of diphtheria toxoid are: (a) to provide 
a more potent toxoid; (4) to enable it to be used in 
polyantigen preparations without increasing the 
volume which is usually injected; and (c) to elimin- 
ate or minimize the reactions produced when crude 
preparations are used. Considering that these 
objectives are acheived by the products of the 
method outlined, and comparing this method with 
a number of those suggested, its advantages may 
readily be seen. The method is uncomplicated 
the materials and equipment are inexpensive and 
readily procurable; the recovery ranges from 81 to 
100° when estimated by the Ramon flocculation 
values; and over 97°% of the nonspecific protein 
nitrogen is eliminated in one precipitation. Al- 
though the Kf., or flocculation time, is somewhat 
increased over that of the original material with 
toxoid produced on natural media, it has been noted 
specifically by one of the authors (9) in his paper 
on the concentration and purification of tetanus 
toxoid by the trichloroacetic acid method that this 
does not indicate any impairment of the antigenicity. 
An increase in flocculation time over that of the 
crude parent toxoid upon purification has been noted 
by many investigators, among whom are Ramon, 
Boivin, and Richou (10), and Ando and Komi- 
yama (11). It may also be ‘noted here that a de- 
crease in flocculation time does not indicate an in- 
crease in the antigenicity, as evidenced by the poor 
protective power for mice of Pillemer’s product. 
This product had a very rapid flocculation time, 
but the highest percentage protection obtained with 
it was 58°). In some cases the percentage protec- 
tion dropped to 10°;, which was a lower value than 
that recorded for the crude original material. 

It is, however, with respect to flocculation time 
that this method has its greatest advantage over the 
Jacobs variation (9) of the Boivin and Izard tri- 
chloroacetic acid method (12). According to un- 
published data the increase in the flocculation time 
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caused by the polyphosphate acid method is far 
less than that caused by the trichloroacetic acid 
method. When a toxoid produced upon semisyn 
thetic media is used there is no increase in the floc- 
culation time upon concentration and purification 
with this method. 

An important advantage of this method is that it 
gives purified toxoid in a concentrated form which 
may be readily stored in a small space, eliminating 
the necessity for large refrigerated storage facilities 
which are expensive to install and maintain. 

Our tests show that this method is satisfactory for 
tetanus toxoid. The tetanus toxoid prepared upon 
semisynthetic media precipitates very rapidly at 
room temperature. 


SUMMARY 


Diphtheria toxoid can be concentrated and 
purified by a method employing a polyphosphoric 
acid as a precipitant. The toxoid is mixed with 
the polyphosphate and acid which forms a poly 
phosphoric acid and is precipitated from the crude 
bacterial filtrate. The precipitate is recovered by 
centrifugation and is dissolved in a buffer. Re 
covery ranges from 81 to 100% and over 97°; 
of the nonspecific protein nitrogen is eliminated 
in one precipitation without washing. Floccu 
lation timé is only moderately increased in most 
cases. It is not increased at all when a toxoid 
produced upon semisynthetic media is used. 
The method is rapid, inexpensive, and needs only 
such equipment as is commonly found in immuno 
chemical, chemical, and bacteriological labora 
tories. 
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Urinary Excretion of the Metabolic Products of 
Parathion Following Its Intravenous Injection*t 


By JOSEPH F. GARDOCKI and LLOYD W. HAZLETON 


A series of experiments designed to identify and estimate metabolic products ex- 
creted in the urine of dogs following intravenous administration of parathion is de- 
scribed and the results reported. The principal urinary excretion product is be- 


lieved to be p-nitrophenol. 


For the determination of this excretion product it was 


reduced to p-aminophenol and determined colorimetrically by an established pro- 


cedure. 


During the course of the studies plasma cholinesterase levels were signifi- 


cantly lowered following the administration of parathion in doses of 1 mg./Kg. or 
more. 


Guam of the literature reveals very little 

concerning the metabolic fate of parathion 
(O0,0-diethyl O,p-nitrophenyl thiophosphate) in 
the mammalian body, although toxicity and 
cholinesterase inhibitory action have received 
considerable attention (1-3). Hazleton (2) and 
Lehman (4) reported the presence of parathion 
in the urine following administration of toxic 
doses. They further found that parathion, 
when administered in toxic doses, was not stored 
in the body. Both authors employed the colori- 
metric method of Averell and Norris for parathion 
(5) 

An examination of the parathion molecule sug- 
gests the possibility that parathion might be 
split in the body to para-nitrophenol and O,O- 
diethyl thiophosphate. Mountain, et al. (6), sug- 
gest such an enzymatic hydrolysis. 

The metabolism of para-nitrophenol as re- 
viewed by Williams (7) appears to involve de- 
toxification by (a) conjugation with glycuronic 
acid or sulfates, or (6) acetylation. The ni- 
tro-radical is progressively reduced through para- 
nitrosophenol, hydroxyphenylhydroxylamine to 
para-aminophenol. The same mechanisms may 
exist with the intact parathion molecule. 

Recently Pankaskie, et al. (8), reported that 
following chronic feeding of parathion to cows, 
para-aminophenol was found in the urine; how- 
ever, the amount of para-aminophenol present 
represented but about 10 per cent of the total 
parathion fed. Their analytical method was 
based on the indophenol blue color as modified by 

Brodie and Axelrod (9). They did not detect 
para-nitrophenol by the alkaline yellow colori- 
metric method used for its identification. 
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Mountain, et al., in a recent publication (6) 
described a new technique for recovery of added 
para-nitrophenol from urine. This method was 
developed pursuant to their investigation of 
parathion metabolism and appears to yield bet- 
ter recovery than the Brodie and Axelrod (9) 
method. 

The present report summarizes a series of ex- 
periments directed at the possible identification 
and estimation of certain metabolic products 
excreted in the urine following intravenous ad- 
ministration of parathion. 


METHODS 


Plasma cholinesterase activity was determined 
by the titrimetric method of Stedman, et ai. (10). 

Total p-aminophenol, i.e., both free and conju- 
gated, was determined by the colorimetric method 
of Brodie and Axelrod (9). Aggregate p-amino- 
phenol, i.e., the free and conjugated forms of p- 
nitrophenol, -nitrosophenol, hydroxyphenylhy- 
droxylamine and p-aminophenol was determined by 
reduction of acid hydrolyzed urine and estimating 
as p-aminophenol. 

Procedure.—One to five milliliters of the urine 
samples are pipetted into a glass ampul and the 
volume adjusted to 5 ml. with distilled water, if 
necessary. One ml. of concentrated hydrochloric 
acid is added, the ampul sealed and placed in a 
boiling water bath for three hours. An alternative 
procedure, as recommended by Brodie and Axelrod 
(9), is to place the acidified urine mixture in a regu- 
lar test tube and hydrolyze it in an autoclave for 
ninety minutes at 15 Ib. pressure. 

After hydrolysis the specimen is reduced as fol- 
lows: The contents of the ampul are transferred 
quantitatively into a test tube and 1 Gm. of zinc 
dust is added. After cessation of the evolution of 
gas, the test tube is placed in a boiling water bath 
for ten minutes. The contents of the test tube are 
then cooled to room temperature, filtered and vol- 
ume adjusted to 6 ml. with distilled water. A 5- 
mil. aliquot of this reduced hydrolysate is then ex- 
tracted with an ether-isoamyl alcohol mixture as 
recommended by Brodie and Axelrod and their 
procedure followed for the estimation of total p- 
aminophenol (9). The density of the indophenol 
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Tasie I.—-Anatysis oF Doc URINE FoLLowING INTRAVENOUS ADMINISTRATION OF )-AMINOPHENOL 
4 Urine Was ANALYZED FOR TOTAL p-AMINOPHENOL AND AGGREGATE ~-AMINOPHENOL 


Aggregate Tetal Aggregate Recovery of 
?- Administered 
Time, Aminophenol, Aminophenol, Aminophenol Aminophenol P- 
Hr. Symptoms ug. /Ce ug./Ce. ug./Specimen ysg./Speci Aminoph 1 
0 None 0 0 0 0 
1 None 6.3 5.8 541.2 513.1 
2 None 8.2 8.2 853.8 
4 None 16.2 15.3 761.4 
6 None 12.2 12.0 573.4 
8 None 9.8 9.8 607.6 
S24 None 11.2 11.2 876.7 


blue color developed was measured at 630 mu TaBLe II.—ANatysis or Doc Urine For Tota 
by means of the Beckman Model DU Spectro- -AMINOPHENOL FOLLOWING INTRAVENOUS Ab- 
photometer. A standard reference curve was em- MINISTRATION OF p-NITROPHENOL, 5 Mc./Kc. 
ployed in calculating the concentration of p-amino- 


phenol present. 


EXPERIMENTAL 


Preliminary experiments in dogs established the 
fact that following the intravenous injection of p- 
aminophenol, its excretion in the urine was slow 
but continued almost uniformly throughout the 
first twenty-four hours (Table I). Following in- 
travenous administration of p-nitrophenol the re- 
covery as p-aminophenol, without reduction, was 
negligible during the first two hours (Table II). 
An appreciable quantity was recovered during the 
third hour after administration. Although the urine 
exhibited the alkaline yellow color of p-nitrophenol, 
this method of analysis is nonspecific and subject to 
interference by urinary pigments. 

In a female mongrel dog, parathion, 10 mg./Kg., 
was injected intravenously as an alcoholic solution 
containing 200 mg./cc. Urine was collected by 
catheterization at hourly intervals for the first eight 
hours and analyzed for p-aminophenol after hy- 
drolysis, but without reduction. The results, sum- 
marized in Table III, indicate that although p- 
aminophenol is excreted under these conditions, the 
recovery in terms of parathion is relatively small, 


oF DoG URINE FoR TOTAL p-AMINOPHENOL FOLLOWING INTRAVENOUS ADMINISTRA- 


Time, Symp- phenol, phenol, p-Amino- 
Hr. toms ug./Cce. wg./Specimen phenol 
0 None 0 0 0 
l None 6.4 70.4 0.2 
2 None 1.1 7.2 0.02 
3 None 24.6 425.8 1.0 
4 None 3.7 39.0 0.09 
5 None 2.0 29.0 0.06 
6 None 1.5 64.4 0.15 
7 None 1.3 39.0 0.09 
8 None 1.3 23.8 0.05 


as was the case with injected p-aminophenol. For 
comparison with later experiments the severity of 
the intoxication in this dog should be noted. 

From these experiments it is apparent that with- 
out reduction of the hydrolyzed urine, the recovery 
of administered parathion would not be sufficient 
to permit detection of small doses and provide for 
adequate quantitation. To determine the efficiency 
of extraction and of the reduction process, eleven 
solutions, containing p-nitrophenol, p-aminophenol 
and various ratios of these, were prepared in dog 
urine. Analysis of these solutions, with and without 


Time, Hr. Symptoms 

0 None 

1 Tremors 
Salivation 

2 Tremors 

3 Tremors 

4 Diarrhea 

5 Tremors 
Vomiting 
Diarrhea 

6 Lassitude 

7 Lassitude 

8 Lassitude 

8-24 Bloody diarrhea 


Respiration shallow 
Heart beat imperceptible 
Condition very poor 


Recovery 
Total Total Calculated 
p-Aminophenol, 
ug./ ug. /Specimen Parathion 
0 0 0 
25.6 141.0 0.4 
22.9 91.6 0.3 
15.1 83.1 0.2 
15.9 79.8 0.2 
10.6 47.7 0.1 
4.2 23.1 0.08 
3.7 16.7 0.05 
2.1 10.6 0.03 
3.2 44.8 0.1 


Total recovery 12.0 
Recovery 
of 
Total Total Adminis- 
p-Amino p-Amino tered 
TION OF PARATHION, 10 Mc./KG , 
7 
1 
iy 


October, 1951 


Screntiric Eprrion 


493 


TaBLe IV.—ANALYsES OF URINE FOLLOWING INTRAVENOUS ADMINISTRATION OF p-NITROPHENOL, 4.0 


Ma./Ke. 


Urine Was ANALYZED FOR TOTAL ~-AMINOPHENOL AND AGGREGATE p-AMINOPHENOL 


Symptoms 
None 
None 
None 
None 
None 
None 


hydrolysis, indicated that (a), p-aminophenol could 
be recovered to the extent of approximately 70% in 
either case, (b) added p-nitrophenol could be 
recovered to the extent of approximately 57% after 
reduction, and (c) recovery of mixtures of the 
two (aggregate p-aminophenol) was between these 
two values. This recovery of p-nitrophenol and 
mixtures of p-nitrophenol and p-aminophenol, up 
to approximateiy the efficiency of the extraction 
process, appears to validate the reduction process 
to convert p-nitrophenol and intermediates to p- 
aminophenol in the determination of excreted metab- 
olites following parathion administration. 

The tn vivo recovery of intravenously injected p- 
nitrophenol was determined following a 4 mg./Kg. 
dose. The urine was collected by catheterization 
and analyzed after hydrolysis for both total and 
aggregate p-aminophenol. The results, summarized 
in Table IV, confirm the observation that small 
amounts of p-aminophenol are excreted and that re- 
duction converts the p-nitrophenol to p-amino- 
phenol. The total recovery approximates 27% 
during the first twenty-four hours, the rate being 
highest during the first hour and gradually decreas- 
ing. 


mino- 


% 
Recovery of 
Administered 
p-Nitro- 
phenol 


0 
5 


Aggregate 


p-Amino- 


egate 


5 
4 
1 
0 
26 


Total recovery 


Based on the above experiments a series of dogs 
were subjected to progressively increasing doses of 
intravenously injected parathion. These dogs were 
carefully observed for symptoms of parathion in- 
toxication. Cholinesterase activity in the plasma 
was determined at intervals and the urine obtained 
by catheterization was analyzed for both total and 
aggregate p-aminophenol. These results are sum- 
marized in Tables V through VIII. At a dose of 1 
mg./Kg. there was an 88°% inhibition of the plasma 
cholinesterase activity, there were no observable 
symptoms, and 21.3% of the administered parathion 
was recovered as aggregate p-aminophenol. At 2 
mg./Kg. the dog was asymptomatic, although the 
plasma cholinesterase was totally inhibited. The 
rate of recovery of parathion as aggregate p-amino- 
phenol was greatest during the first four hours and 
50% of the administered parathion was recovered 
within twenty-four hours. Throughout all of these 
experiments the recovery as total p-aminophenol 
was relatively small, whereas after reduction there 
was as much as a 100-fold increase in recovery. At 
8 mg./Kg. the plasma cholinesterase was totally in- 
hibited and the animal showed severe symptoms 
characteristic of parathion intoxication. The ani- 


TABLE ).—ANALYSES OF Doc BLoop AND URINE FOLLOWING INTRAVENOUS ADMINISTRATION OF PARA- 


THION, 1.0 Ma./Ke. 


BLoop Was ANALYZED FOR PER CENT INHIBITION OF PLASMA CHOLINESTERASE AND 


URINE FOR TOTAL ~-AMINOPHENOL AND AGGREGATE ~-AMINOPHENOL 


© 
Inhibition Total 
p- 


Aggregate 


% 
Recovery 


Aggregate 
- Calculated 


Aminophenol, 
‘Specimen 


as 
Parathion 
0 
21.3 
1.5 


TaBLe VI.—ANALYsES OF Doc BLoop AND URINE FOLLOWING INTRAVENOUS ADMINISTRATION OF PARA- 


THION, 2.0 Ma./Ka. 


BLoop Was ANALYZED FOR Per CENT INHIBITION OF PLASMA CHOLINESTERASE AND 


URINE* FOR TOTAL p-AMINOPHENOL AND AGGREGATE ~-AMINOPHENOL 


% 
Inhibition 
Plasma 
Cholines- 
Symptoms terase 
None 0 
None 85 
None 100 
None 100 
None 92 
None OF 
None 
None a4 


Total 


« Urine collected by catheterization at end of 24 hours. 


| 
| 
} 
| 
| 


% 

Total Recovery 
p-Amino- 
phenol, 

ug. /Specimen 


Aggregate 
p-Amino- 
phenol, 
wg. /Specimen 


wnwoe 


Total | | Total 
phenol, phenol, phenol, phenol, ° 
Time, Hr ug. /Ce ug. /Ce. ug. /Specimen ug. /Specimen 
0 0 0 0 0 i 
1 0.8 49.3 57.5 3,648.2 18.0 
2 0.9 16.3 72.0 1,322.9 4 
4 0.8 12.7 64.0 1,055.8 4 
6 0.8 5.0 62.1 332.0 .3 
6-24 1.5 2.4 106.6 173.7 8 
9 
p- 
T ~holines Aminophenol, Ami »yhenol, Ami h i, ‘ 
0 None 0 0 0 0 0 _ 
1 None 88 2.66 17.5 98.44 647.5 4 
2 None 0 3.18 0 44.5 
q 
p-Amino- 
Time, phenol. 
Hr ug./Ce 
0 0 0 0 0 
1 3.0 1 30.0 1,091.0 13.6 ; 
2 2.0 36.0 1,242.0 15.5 , 
, 4 0.9 157.5 1,076.3 13.4 : 
6 0.6 108.0 232.8 2.9 a 
8 0.9 73.1 94.6 1.2 
8-24 0.4 70.0 245.0 3.1 
24° 22.1 0.3 
; Total recovery 50.0 
1 
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VII—ANALYses oF Doc BLoop AND URINE FoLLoWING INTRAVENOUS ADMINISTRATION OF Para- 
THION, 4.0 Mc./Kc. BLoop Was ANALYZED FoR Per CENT INHIBITION OF PLASMA CHOLINESTERASE AND 


URINE FOR TOTAL p-AMINOPHENOL AND AGGREGATE ~-AMINOPHENOL 


Inhibition Total 
Plasma p-Amino- 
Time, Cholines- phenol. 
Hr Symptoms terase wg. /Ce 
0 None 0 0 
l None 100 1.3 
2 None 100 1.2 
None 100 0.3 
6 None 100 OS 
8 None 100 0.6 
8-23 None 0.5 
23-24 None 0.2 
24° None 100 0 


« Urine collected by catheterization at end of 24 hours 


Tasie VIII.—-Symptoms AND Per Cent INHIBI 

TION OF PLASMA CHOLINESTERASE FOLLOWING THE 

INTRAVENOUS ADMINISTRATION OF 8.0 MG./KG. oF 
PARATHION TO FEMALE Doc 


Inhibition 
Plasma 
Time, Hr Symptoms Cholinesterase 

0 None 0 

l Salivation 75 
Tremors 

2 Tremors 100 

4 Salivation 100 
Tremors 

6 Tremors 100 

8 Tremors 100 

24 Lassitude 100 


mal was anuric when catheterized one hour after 
injection and remained so during the entire twenty- 
eight hours of observation. The animal was then 
sacrificed while in a moribund condition and inspec- 
tion of the urinary bladder revealed total collapse 
and anuria. On gross inspection of the transversely 
cut kidneys there was an obvious white striated area 
in the cortex. Microscopic inspection revealed the 
presence of a granular, coagulated material in the 
lumina of the tubules. When stained with Sudan 
IV, the descending limbs of Henley’s loops showed 
numerous, varying-sized lipoid globules within the 
epithelial cells and densely packed, similar globules 
within the lumina. This was apparently producing 
an obstruction to the outlet of these tubules. In no 
other area did there appear to be any fatty changes 
within the fatty cells of the lumina. 

In this dog, supportive treatment with atropine 
in doses of 1 mg./Kg. and metrazol in doses of 10 
mg./Kg., administered as the condition suggested, 
failed to imorove the condition 


DISCUSSION 


Although the extraction of p-aminophenol from 
acid hydrolyzed and reduced urine by the ether- 
isoamylalcohol mixture is not complete, it is con- 
sistent throughout the range of p-aminophenol- 
p-nitrophenol mixtures studied. The excretion of 
p-nitrophenol following the administration of para- 
thion appears to be more complete than when p- 
nitrophenol itself is injected and is proportional to 
the amount of parathion administered. 


Aggregate Total Aggregate Recovery 
p-Amino- p-Amino- p-Amino- Calculated 
phenol, phenol, phenol, as 
ug. /Ce wsg./Specimen yg. / Specimen Parathion 
0 0 0 0 
146.1 58.5 6,426.2 32.1 
81.3 55.7 3,739.8 18.6 
15 45.8 2 397 .7 11.9 
19.2 40.0 962.0 48 
10.3 38.9 548.0 2.7 
6.6 98.7 1,392.3 7.0 
2.4 36.2 1 2.6 
2.0 0 225.4 1.1 


Totai recovery 80.8 


p-Nitrophenol appears to be a principal metabolic 
product of parathion, although traces of p-amino- 
phenol are found. This being true, analysis for 
either of these materials would not be adequate, nor 
would they include the metabolic intermediates p- 
nitrosophenol and hydroxyphenylhydroxylamine. 
The procedure herein described converts p-nitro- 
phenol and the intermediates to p-aminophenol 
which can be reliably determined in microgram 
quantities. Since p-nitrophenol constitutes approxi- 
mately one-half of the parathion molecule, the con- 
version error is small. These factors render the 
method applicable to the small doses anticipated in 
parathion intoxication. The metabolic products 
can be readily detected in animals following doses 
of parathion which produce no symptoms other 
than cholinesterase inactivation 


SUMMARY 


The principal urinary excretion product of para- 
thion in mammals is probably p-nitrophenol. 

p-Aminophenol is excreted in traces in the urine 
following parathion administration 

Reduction of p-nitrophenol and its metabolic in- 
termediates to p-aminophenol provides a sensitive 
method of analysis. 

In animals this method readily detects the meta- 
bolic products following administration of asympto- 
matic doses of parathion 

In all of the studies conducted, plasma cholines- 
terase levels were significantly lowered following 
parathion administration in doses of 1 mg./Kg. or 
more 
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The Relative Stability of Rutin and Quercetin in 
Alkaline Solution* 


By EARL B. DECHENE 


A study of the decomposition of rutin and 
quercetin in alkaline solution has been made, 
and it has been found that rutin is more stable 
than quercetin under these conditions. 


T= METHOD reported (1) for the determina- 

tion of rutin in tablets, when applied to 
tablets containing rutin and theophylline ethyl- 
enediamine, produced in some cases slightly 
lower values for rutin content than were ex- 
pected. The alcoholic extracts of the tablets, 
obtained by this method, were found to have a 
value greater than pH 8.0. It was necessary to 
know, therefore, if rutin was decomposing under 
these conditions. 

Link (2) describes the degradation of querce- 
tin, the aglucone of rutin, by the action of alkali. 
No report of studies of the rate at which this 
degradation reaction occurs could be found in 
the literature. We studied, therefore, the rate of 
decomposition of both rutin and quercetin in 
aqueous-alcohol and alcoholic solutions of sodium 
hydroxide, ethylenediamine, and hydrochloric 
acid. The molar ratios selected for this study 
were of the same order as those present in the 
tablets. 

The solutions of rutin or quercetin, containing 
various concentrations of the reactants, were re- 
fluxed or allowed to stand at room temperature, 
and the concentration of the flavonol in the solu- 
tions determined by the aluminum chloride color 
reaction (1). It was found that little or no de- 
composition of rutin occurred in aqueous-alco- 
holic solutions containing a molar concentration 
of slightly less than 2 moles of sodium hydroxide, 
or 30 moles of ethylenediamine per mole of rutin, 
and only slight decomposition occurred in solu- 
tions containing approximately 4 moles of sodium 
hydroxide per mole of rutin. Quercetin, under 
the same conditions, showed a rapid rate of de- 
composition in aqueous-alcoholic solutions con- 
taining a molar concentration of slightly less than 
2 moles of sodium hydroxide or 30 moles of 
ethylenediamine per mole of quercetin. The 
slower rate of decomposition of rutin compared to 
quercetin in alkaline solutions suggested that the 
degradation of rutin occurs by reaction of the 


* Received May 28, 1951, from the Research and Control 
Laboratories of Charles E. Frosst & Co., Montreal, Canada. 


alkali on quercetin resulting from the hydrolysis 
of rutin, rather than by direct reaction on the 
flavonol glucoside. Considerable decomposition 
of rutin occurred in solutions containing a molar 
concentration of slightly less that 17 moles of 
sodium hydroxide or 60 moles of ethylenediamine 
per mole of rutin. 

Paper chromatographic examination of the 
alkaline solutions of rutin showed no detectable 
amounts of quercetin. The absence of quercetin 
in the alkaline solutions in which the decomposi- 
tion of rutin had occurred, indicated that quer- 
cetin decomposed as fast as it was produced by 
the hydrolysis of rutin. No decomposition of 
rutin occurred in aqueous hydrochloric acid solu- 
tions that were refluxed or allowed to stand at 
room temperature. Considerable amounts of 
quercetin could be detected on the paper chro- 
matograms of these solutions, indicating that 
hydrolysis of rutin occurs readily in acid condi- 
tions. 

The decomposition of rutin and quercetin in 
alkaline solutions varied with the concentration 
of alkali. For the reason above and because the 
concentration of hydroxyl ions present in the 
solutions would decrease throughout the course 
of the reaction by neutralization with the phenolic 
acids produced in the degradation of rutin and 
quercetin (2), the order of the reaction was not 
determined. The percentage of decomposition 
indicated the relative stability of rutin and quer- 
cetin in the alkaline solutions. 


EXPERIMENTAL 


Reagents 

Rutin.—Rutin of N. F. LX quality and containing 
2.6% quercetin was used without drying. Sclutions 
in SDAG No. 1 G ethyl alcohol (85% v/v ethanol, 
10% v/v methanol) were made to contain approxi- 
mately 0.6 mg. of rutin per ml. 

Quercetin.—A commercial grade of quercetin was 
used without drying, and a solution in SDAG No. 1 
G ethyl alcohol was made to contain 0.3 mg. of 
quercetin per ml. 

Ethylenediamine.—An aqueous solution was 
prepared containing 0.0195 Gm. of ethylenediamine 
per ml. 


Procedure 


The aluminum chloride color reaction previously 
described by the author (1) was used to determine 
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the initial concentration, and follow the decomposi- 
tion of both rutin and quercetin. Volumes of 10-20 
ml. of the alcoholic solutions of rutin and quercetin 
were placed in 50-ml. volumetric flasks, and 1-3 ml. 
of aqueous sodium hydroxide, ethylenediamine or 
hydrochloric acid was added. The solutions were 
made to volume with water or SDAG No. 1 G ethyl 
alcohol. These solutions were refluxed or allowed 
to stand at room temperature, and the flavonol 
concentration determined in duplicate in suitably 
diluted aliquots at various time intervals. When 
the solutions were refluxed the reaction flasks were 
immersed in ice water before removing a sample 
for analysis. The molar composition of the reac- 
tion solutions, their initial pH values, the tempera- 
ture conditions, and the percentage decomposition 
of rutin and quercetin are shown in Table I. It was 
noted that after an initial loss of about 10%, no 
further loss of rutin occurred in experiment 2, and 
that in experiments 6, 7, 8, and 9 the percentage 
decomposition of rutin varied in each case and was 
high initially. 


Paper Chromatography 


The apparatus described by Shephard (3), and 
Whatman No. 1 paper cut into 3.5 x 28-cm. strips 
were used in our experiments. The solvent was a 
mixture of 4 parts n-butanol, 5 parts of water, and 
1 part of glacial acetic acid as used by Wender and 
Gage for the separation of flavonoid compounds (4). 
The procedure and the method for detecting rutin 
and quercetin on the chromatograms have been pre- 
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viously described by the author (1). No quercetin 
could be detected on the chromatograms of the alka- 
line solutions of rutin when samples containing 25- 
50 ug. of rutin were examined. The chromatograms 
of similar-sized samples of the acid solutions of 
rutin showed easily detectable amounts of quercetin. 


SUMMARY 


1. Rutin has been found to be more stable 
than quercetin in low concentrations of alkali. 

2. The more rapid rate at which quercetin 
decomposes in alkaline solutions compared to 
rutin, indicates that the glucoside linkage present 
in rutin tends to stabilize the flavonol molecule 
in alkaline conditions. 

3. Hydrolysis of rutin occurs readily in acid 
solutions. Quercetin which is produced by this 
reaction is not decomposed under these condi- 
tions. 
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Assay of Cardiotonic Drugs by a Chick 
Embryo Method* 


By GORDON H. BRYAN and CURTIS H. WALDON{ 


Previous work indicates that chick embryos may be useful as test animals in the bio- 


assay of cardiotonic drugs. 


By utilizing a three-dose assay design, a technique has 


been evolved that demonstrates a reasonable correlation of per cent response, dose, 


and time by chick embryos. 


A comparison of therapeutic doses of cardiotonic drugs 


to standard digitalis tincture is closely paral'eled by a comparison of chick embryo 


doses wit 


the same reference standard. 


In view of these findings, in addition 


to simplicity of the technique, a chick embryo assay of cardiotonic drugs is proposed. 


Brac of their unique position in pharma- 
cology, digitalis and other cardiotonic 
drugs occupy an impressive portion of biological 
literature. Many aspects of their cardiac ac- 
tivity have been investigated with particular 
attention directed toward biological assay. The 
need for an adequate assay has somewhat dimin- 
ished since the introduction of relatively pure 
* Received January 29, 1951, from the School of Phar- 
macy, Montana State University, Missoula, Mont. 
+t The authors are grateful to the Schering Corporation for 
@ grant to carry on this work and for furnishing olnerin. 


They also wish to thank the Graduate Research Committee, 
Montana State University for funds to implement this work. 


glycosides, with satisfactory chemical assays 
There is as yet, however, no single method for 
measuring the potency of cardiotonic drugs that 
appears satisfactory to all concerned. Any assay 
must satisfy the clinician, the statistician, and 
the assayist, not to mention the patient. To 
date, the cat method seems to satisfy the clinician, 
the frog method finds favor with the statistician, 
and the present U.S. P. pigeon method is entirely 
satisfactory to only a few. 

It has been said that there is no necessity for 
the introduction of additional assay methods, but 
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rather a need for improving the existing ones (1). 
This would be true were it not for the fact that a 
major difference exists between the response from 
cardiotonic drugs injected into the blood stream 
and that occurring after oral administration with 
subsequent absorption. This report is based 
upon the conclusions of DeGraff, Paff, and Leh- 
man (2) concerning the comparison of chick heart 
response to clinical dosage for various glycosides 
and the premise that this bioassay should meas 
ure the drug absorbed rather than that injected. 

Chick embryos have been utilized for investi- 
gations of cardiotonic drugs. The most compre- 
hensive papers on chick embryo utility as test 
material in bioassay have been by Hall (5), 
Paff (4), and Lehman and Paff (3). 

Hall gave an extremely lucid account of the 
action of the intact seventy-two-hour embryo 
with and without digitalis. She concluded that 
an “‘injected”’ amount of digitalis could be admin- 
istered to an embryo, the time for complete stop 
page of the heart recorded, the procedure re- 
peated at different dose levels, and a satisfactory 
assay accomplished 

Lehman and Paff (3) after preliminary work 
by Paff (4) attempted a two-dose assay corre- 
lating the average time for the appearance of an 
A-V block (atrioventricular block) in excised 
embryonic hearts and the dose. Again, it was 
concluded that a satisfactory assay resulted. 

The present authors felt that a combination 
of the technique by Hall (5) and the analysis by 
Paff (4) would result in a more informative and 
less difficult assay. Accordingly, in 1948 inves- 
tigation was started. The technique will be 
described in detail. It was found that the corre 
lation between the average time for complete 
stoppage for several hundred hearts on a series 
of six progressively larger doses of digitalis was 
not linear. Statistical transformation of this 
information resulted in an extremely flat slope, 
with the standard deviation of any of the dose 
levels, roughly one-half the average time. This 
indicated a wide variation in response by embry- 
onic hearts to the same dose of digitalis. Since 
any average time for the appearance of the end 
point is influenced markedly by the addition of 
very low or very high recordings, it becomes 
necessary to use a large number of embryos for 
each dose level. The results with purified gly- 
cosides were somewhat better. It was felt that 
the average time for the appearance of the end 
point (complete stoppage) roughly paralleled that 
of the appearance of an A-V block. However, 
blocks were difficult to time while observing sev 
eral embryos, so no attempt was made to corre- 
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late the two. In addition to these difficulties, it 
was found, contrary to good biological procedures, 
that an upper limit would have to be placed on 
individual responses included in the data, due 
to the fact that some embryos were refractory 
to action of digitalis. In general, the results were 
similar to those obtained by Paff. This pre- 
liminary work seemed to show that there was 
justification for a bioassay based on a time-dose 
relationship. 

A third factor, that of per cent response, was 
then considered. The reported experimental re 
sults are based upon a graphic-nomographic three- 
dose assay design by Litchfield and Wilcoxon (6). 
The present paper may be considered the first of 
a two-part investigation. 


EXPERIMENTAL 


The Chick Embryo. — Eggs were purchased from a 
commercial hatchery. Preliminary work was in 
agreement with Lehman and Paff (3) that the breed 
of hens was unimportant. Incubation was carried 
on at 37° in an ordinary convection-type oven com- 
mon to most laboratories. Approximately 250 cc. 
of water in a beaker placed in the oven satisfied 
humidity requirements. In agreement with Hall 
(5) it was found that seventy-two-hour embryos or 
embryos of 40 somites presented a satisfactory test 
animal 

At this time the heart is well formed, though a 
double circulation is not yet complete, nor is the 
valvular control between the four chambers estab- 
lished. Elements of the parasympathetic and 
sympathetic systems are lacking, which excludes 
neurogenic complications Forty-eight-hour em- 
bryos are not sufficiently developed to allow ade- 
quate macroscopic observation of the heart, and 
at eighty-four hours the heart has begun its retreat 
into the thorax and is obscured from view. Pre- 
liminary observation indicated that relative to the 
seventy-two-hour embryo, the  eighty-four-hour 
embryo is more susceptible to the action of cardio- 
tonic drugs, while the forty eight-hour embryo is 
more refractory. 

Exposure of the Embryo.--About one hour prior 
to being used, the eggs are placed on end in the in- 
cubator with the broad end uppermost. This allows 
sufficient time for the embryos to migrate to the 
upper portion of the egg. Exposure of the embryo 
is readily accomplished by grinding a circular area 
in the shell around the air pocket with a small elec- 
trically driven emery wheel and removing the shell 
and underlying membrane with tweezers. A frontal 
view of the clearly defined heart may be seen then. 
At this stage, any underdeveloped, overdeveloped, 
or malformed embryos can be discarded. Loss from 
these causes in addition to nonviability and acci- 
dent averaged 25%. Eggs from a good commercial 
source should yield 91°% viable embryos. After ex- 
posure of the embryos, and in succession, the eggs are 
placed on a tray constructed to hold them with the 
long axis perpendicular and submerged to three- 
fourths of their lengths in the water of a constant 
temperature bath. The number of eggs accommo- 


4 
! 
= 
i 
J 
a 
. - 


October, 1951 


dated by a bath is dependent on its measurement. 
A bath 10 in. x 13 in. can easily hold 24 eggs with- 
out undue crowding and allowing for variations in 
size. As stressed by all of the previously mentioned 
workers, temperature has a very decided influence 
on cardiac rate and subsequent absorption of drugs. 
High temperatures increase the rate, while low ones 
decrease or stop the beat. In agreement with Leh- 
man and Paff (3), 37° was chosen for the tempera- 
ture of the water bath primarily because it was 
more “‘physiologic.”’ 

The hearts of embryos so treated will continue 
beating regularly but more slowly than normal for 
four to twenty-four hours. 

Administration of Drugs.—Hall (5) placed an 
upper limit of 14° on the concentration of alcohol 
that can be brought into contact with the embryo 
without appreciably altering cardiac activity or 
survival time. It was determined that a 10°; 
alcoholic solution was satisfactory, so all the cardio- 
tonic drugs used were in that concentration. The 
glycosides were dissolved in 95°% alcohol and ad- 
justed by dilution with normal saline. Strophanthus 
and digitalis as tinctures were evaporated and re- 
stored to the desired volume with normal saline. 
The cardiotonic drugs in solution were administered 
by means of a 1-cc. pipette calibrated in hundredths. 
The dilution of cardiotonic drug was allowed to flow 
over the surface of the embryo and remained in the 
pocket formed by the shell, egg yolk and white, and 
the embryo. The pocket can accommodate a maxi- 
mum of 0.5 cc. of fluid. However, 0.2 cc. appeared 
to be the most satisfactory from the standpoint of 
volume and ease of pipetting, consequently a con- 
stant volume of 0.2 cc. was adopted for all doses. 
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Delivery of a particular dose to 10 or more embryos 
can be rapidly accomplished. 

Timing.—Timing, by means of an electric timer 
calibrated in seconds, was started from the onset 
of pipetting. The slight time lag between the first 
and last embryo to receive a given dose of a drug 
was disregarded. Responses were determined at 
measured intervals. 

End Point._-As mentioned previously, there did 
seem to be some correlation between the appear- 
ance of an A-V block and complete stoppage of the 
heart. However, any attempt to measure it with 
reasonable accuracy while watching several em- 
bryos was too difficult, so that complete stoppage 
was chosen as the end point. This eliminated any 
discrepancies due to individual interpretation in 
addition to being a quantal response. Observation 
is macroscopic and certain, since a heart has either 
stopped beating or it has not. 


OBSERVATIONS 


The proposed technique involves three variables: 
the dose range, the time elapsing before reading the 
response, and response to three different dose levels 
falling between 16 and 84%. The results for U.S. P. 
reference standard digitalis as a tincture are sum- 
marized in Table I. The times listed are dictated 
by the response. 

The reported work was done in November and 
December to preclude seasonal variations as sug- 
gested by Lehman and Paff (3). Our preliminary 
observations did not substantiate their opinion that 
a variation existed between (summer, winter, and 
fall) embryos. 


TABLE I* 


Drug 
Digitoxin 


Digoxin 
Olnerin 


Strophanthus’ tincture 


« Chi? fit satisfactory for all curves 
>» Dose and L Dw in cc. of tincture 


Ce 


0.35 


0.44 


0.52 


EDw, 
Mg 


0.055 


0.490 


0.046 


0.190 


|| 
| 
| 
Ref. Std 
j 900 10 0.40 1.25 1.20 7 1.18 
0.50 
0.60 
600 10 0.40 1.29 1.16 1.12 
0.50 
0.60 
450 10 0.40 1.29 1.11 7 1.10 ] 
0.50 
0.60 
fit satisfactory for all curves P 
TABLE II" H 
A Is Time, Dose, 
= fe 
pO 10 450 0.04 1.45 1.37 Zz 1.14 it 
0.05 
0.06 
10 450 0.40 1.56 1.51 1.46 
0.60 
0.80 
10 450 0.04 1.38 1.25 1.12 
0.05 
0.06 
10 450 0.20 2.3 5.1 1.70 
0.30 
0.40 
{ 
: 
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Taste III 


N. FP. and 
P. Ratio* Chick Ratio® 19/20 
Therapeutic to Em to Confidence 
Drug Dose, Mg. Dig. Tr. LDw, Mg. Dig. Tr. Limits 
Digitalis Tr. 100.0 52.0 
Digitoxin 0.1 1000.0 0.042 1238.0 1529-981 
Digoxin 0.5 200.0 0.490 106.0 155-72 } 
Olnerin 0.1° 1000.0 0.046 1130.0 1253-1019 
Strophanthus Tr. 


* Dig. Tr. therap. dose (mg.)/ Drug therap. dose 


(mg.). 
© Digitalis Tr. L Dw to chick embryo (mg.)/ Drug L Dw to chick embryo (mg.). 


Assumed. 


All three time readings for the same dose range 
approximate a 5 value of 12, however, the 19/20 
confidence limits for the EDy appear to be narrowed 
for a time interval of four hundred and fifty seconds. 
Due to limited circumstances, the day to day or 
week to week changes that might occur in responses 
to the same doses were not investigated. In view of 
the information presented, and with a potential 
method of bioassay in mind, four hundred and fifty 
seconds was chosen as the standard time for the re- 
sponse to be determined. A few preliminary obser- 
vations established the dose ranges yielding ade- 
quate responses for strophanthus tincture, digitoxin, 
digoxin, and olnerin. The results are summarized 
in Table II. There was no attempt made to investi- 
gate changes occurring at increasing dose ranges 
for each of these drugs. It is probable that the 
values for the slopes could be increased with increas- 
ing doses, but it would be necessary to adjust to a 
shorter time. However, the distribution of responses 
seems more desirable at the dose ranges shown. 

The 19/20 confidence limits for the EDs of digi- 
toxin (+14°%) and olnerin (+12%) parallel the 
limits for digitalis tincture. Those for digoxin 
(+40%) and strophanthus tincture (+70%) are 
extremely high. The reason for this is not known; 
however, there should be additional investigation 
as to the effect of varying dose ranges and time 
intervals on these two drugs. 

The range for strophanthus tincture is at a maxi- 
mum, since any increase results in 90 to 100% re- 
sponse for all three doses within the specified time 
limit. Both strophanthus and digoxin seem to be 
troublesome in most bioassays. 


Table III is a comparison of U. S. P. average 
therapeutic doses using digitalis tincture as a point 
of reference, and the relative potencies found by the 
chick embryo method. It may be seen that there is 
good agreement for all drugs, with the single excep- 
tion of digoxin. This exception was not anticipated 
in view of the findings of DeGraff, Paff, and Leh- 
man (2). Their comparison was with a different 
point of reference and was based on digitalizing 
dosage rather than an average dose. 


CONCLUSIONS 


A technique has been described for the assay 
of cardiotonic drugs using intact chick embryonic 
hearts. A three-dose pattern of assay has been 
utilized. A good correlation has been established 
between the therapeutic doses and the chick 
embryo LDw of the drugs tested. It appears that 
the intact chick embryonic heart affords a simple, 
cheap, and reliable medium for the evaluation of 
cardiotonic drugs. 
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Microtoxicology. 


IX. The Effect of para 


Substitution in Three New Thiazole Antihistaminics 
upon Their Reactivity to Microchemical Tests* 


By THOMAS J. HALEY} and GEO. L. KEENANT,§ 


It has been shown that 


ra substitution in the benzyl nucleus of a new series of anti- 


histaminics definitely changes the reactivity of the compounds to colorimetric micro- 


toxicological reagents. 


Such substitution has little or no effect on the reactivity of 


these antihistaminics to the usual as reagents. The tests reported enable 


the compounds to be identified and di 


rentiated from one another by a simple pro- 


cedure. However, the optical crystallographic properties of these antihistaminics 


offer the best means for identifying an 


differentiating them, not only from 


other, but from other organic compounds. 


A* EXAMINATION of our past microchemical 

work on the identification of the various 
antihistaminic agents reveals that slight changes 
in substituent groups on the same molecule re- 
sult in detectable changes in chemical reactivity 
(1-5). However, this past work did not include 
sufficient compounds in which the changes were 
in a single position; thus it was not possible to 
conclude that any of the differences in chemical 
reactivity seen were due to substitution in a par- 
ticular position. Recently we have been able to 
obtain a new series of antihistaminics in which 
the basic molecule has been varied in only one 
position. Their general formula is given below 
and substitution is in the para position of the 
benzyl nucleus. 


CH; 


wer 


HCl CH; 


Drug 
194-A | H 
194-B | CH,O 


Upon the basis that single position substitu- 
tion would change the chemical reactivity of the 
compounds, we have investigated their reactivity 
to the usual microtoxicological colorimetric and 
precipitation reagents. 


* Received February 26, 1951, from the School of Medi- 
cine, University of California at Los Angeles. 

t School of Medicine, University of California at Los 
Angeles. 

¢ Formerly Microanalyst, United States Food and Drug 
Administration. Dece: 

§ The authors wish to thank White Laboratories, Inc., 
for the antihistaminics used in this study. 


EXPERIMENTAL 


The uncorrected melting points of the drugs were 
determined with a Melt-Pointer electrically heated 
capillary tube melting point apparatus employing 
Anschutz thermometers: 194-A, 171 to 172.5°; 
194-B, 162 to 164°; 194-C, 149 to 151°. 

The reagents employed were prepared as de- 
scribed by Thienes and Haley (6), Autenrieth and 
Bauer (7), and Rosenthaler (8). The compounds 
were tested by placing one drop of reagent on a mi- 
croscope slide or in the well of a spot-plate and add- 
ing about 0.1 mg. of the drug toit. At times, when 
using the precipitation agents, the above amount 
of drug was dissolved in one drop of distilled water 
and then mixed with the reagent by streaking. This 
procedure, which results in three zones, enables a 
better comparison to be made between the pure 
crystals of the reactants and the resultant precipi- 
tate when the slides are dried and set aside for future 
study. All observations were for a period of thirty 
minutes and, in the case of the acid colorimetric 
reagents, the end point was the formation of a stable 
color or a charring of the drug. However, only the 
colors appearing prior to charring were used for 
identification purposes. 

As a further means of identification, photomicro- 
graphs of the pure antihistaminics were taken with 
an Erb and Gray Visicam photographic attachment 
on a Band L monocular microscope using the 16-mm. 
objective and the 10X eyepiece. All the drugs were 
crystallized from anhydrous ether. 
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Fig. 1.—Photomicrograph of 194-A. 
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Fig. 2.—Photomicrograph of 194-B. 


RESULTS 


The results obtained with the colorimetric re- 
agents are given in Table I. Granular amorphous 
precipitates were obtained with the following pre- 
cipitation reagents: antimony trichloride 1%, 
chloroauric acid 5°), saturated aqueous solution of 
picric acid, Dragendorff's, Marme’s, Wagner's, 
Sonneschein’s, Scheibler's, Mayer's, sodium nitro- 
prusside 1%, and antimony potassium iodide. 
Chloroplatinic acid 5° gave thorn-appie bundles of 
needles with 194-A; bundles of coarse feather-like 
crystals in sheaves with 194-B; and an amorphous 
precipitate with 194-C 

The photomicrographs of the pure antihistamin- 
ics indicated that para substitution had changed the 


Reagent 


Concd. HNO, 


Pale yellow changing 
to orange 


Coned. H,SO, Pink changing to 

pale yellow 
Buckingham's Colorless 
Frohde’s Colorless 
Mandelin’s Dirty brown 
Marquis’ Orange brown 
Mecke’s Salmon pink 

Brown 

Sonneschein's ceric No change 


reagent 


XL, No 


Fig. 3. Photomicrograph of 194-C. 


crystalline characteristics of the compounds to some 
extent because 194-A and 194-B consisted of rec- 
tangular plates, some of which were elongated (ap- 
parently belonging to the orthorhombic system), 
while 194-C consisted of quadratic plates with 
several broad elongated forms. These characteris 
tics in themselves are not conclusive but are addi- 
tional information useful, in combination with the 
microchemical data, for identifying and differentiat- 
ing these compounds from one another. 


DISCUSSION 


From the results in Table I, it appears that 
substitution in the para position of the benzyl 
nucleus with chlorine blocks the reactivity of the 
drug (194-C) to most of the colorimetric reagents 
used. However, this is advantageous because, 
although the drug reacts differently only with 
Mandelin’s reagent, this test when combined 


194-C HCl 
Magenta changing to Colorless 
carmine 


194-B HCl 


Pale yellow Pale yellow 


Magenta Colorless 
Fuschia changing to Colorless 
magenta 


Brilliant carmine with Light orange changing 


a purple center to red 
Magenta Colorless 
Magenta Colorless 
Magenta Brown 
Purple No change 


TaBLe II.—OptTicaL CRYSTALLOGRAPHIC PROPERTIES OF THE THIAZOLE ANTIHISTAMINICS 


Optical 
Compound Habit Sign 
194-A HCl Plates (-) 
194-B HCl Plates No figures 
_194-C HCl Plates" 


Refractive Indices——--—-~ 

2E a 7 
90 + 5° 1.602 1.631 1.640 
1.602 1.640 
15-20° 1.602 1.608 1.660 
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with the others allows the drug to be differentiated 
from the others of the 194 series. 

Methoxyl substitution in the same position, 
while it does not block chemical reactivity, 
changes it sufficiently so that 194-B is readily 
identified and differentiated from both 194-A and 
194-C. 

The unsubstituted compound 194-A is ex- 
tremely reactive to the microchemical reagents 
used so that no difficulties should be encountered 
in identifying and differentiating this compound 
from others of the series. It is evident that, for 
the most part, the precipitation reagents are 
of little value in determining para substitution 
because these antihistaminics were in general as 
unreactive as the other compounds previously 
investigated (1—5). However, chloroplatinic acid 
did form different crystalline precipitates with 
194-A and 194-B, and these precipitates could 
be used as a further means for identification and 
differentiation of these compounds. 

The colorimetric and precipitation reactions 
of the thiazole antihistaminics are useful in dif- 
ferentiating these compounds from one another 
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but they are inconclusive when comparisons are 
made with the reactions given by other antihis- 
taminics and alkaloids. In fact, the reactions 
are very similar to those previously reported 
(1-5). However, it is possible to definitely 
identify and differentiate the thiazole antihis- 
taminics, not only from each other, but from 
other antihistaminics and alkaloids by use of 
their optical crystallographic properties. Table 
II from Keenan and Haley (9) gives the optical 
crystallographe properties as determined by the 
immersion method. 
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Acute and Short-Term Toxicity Studies of 
Fused Bentonite Sulfur Preparations* 


By HAROLD C. HODGE, ELLIOTT A. MAYNARD, DAVID R. HAWKINS, EDWIN 
H. CHURCH, HARVEY J. BLANCHET, Jr., JOAN F. THOMAS, HELEN McRAE, and 


RAYMON 


The results of the determination of the acute 
toxicity of fused bentonite sulfur emulsion 
(FBSE), alone and in combination with 
Quadrafos and a liquid concentrated base 
(LC) are reported. The animals employed 
include rats, mice, and rabbits. All of the 
preparatiors studied exhibited a low order of 
toxicity. 


T# UsE of fused bentonite sulfur as a thera- 

peutic agent in the treatment of acne vul- 
garis, seborrheic dermatitis, and dermatophytosis 
(1) has focused attention on this fungicidal agent 
(2). As Sternberg and Taylor point out, the 
aqueous base has been found by Dowdy and the 
Vincents (3) to have unusual properties. The 


* Received November 24, 1950, from the Division of 
Pharmacology and Toxicology, University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 
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toxicity studies reported herewith establish the 
fused bentonite sulfur preparations and the aque- 
ous base as materials of low toxicity. 


MATERIALS 


Three preparations were studied: (a) fused ben- 
tonite sulfur emulsion (FBSE); (6) fused bentonite 
sulfur emulsion with Quadrafos' (FBSQ); and (c) a 
liquid concentrated base (LC). Bentonite (Wilki- 
nite type) was heated with sulfur? and fused by the 
Niagara Sprayer Company; the emulsion contains 
12% in the fluid base. The concentrated fluid base 


! saggy ome is the trade mark name of Rumford Chemical 
= s, Rumford, R. |. for sodium tetraphosphate (Nag- 

4On). 

? Toxicity after ingestion of sulfur by man is largely un- 
known. Toxic symptoms, followed by an uneventful recov- 
ery, were reported in one man who ingest 60 Gm. ina 
twenty-four-hour period. Men have ingested 500 to 750 mg. 
of colloidal sulfur daily for ten days without unpleasant sub- 
jective reactions. Poisonings have been reported from the 
ointment on children with extensive scabies 
(16-26). 
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contains quince seed extract, urea,’ ethanol,‘ bile 
salts,5 and water; dilution with an equal volume of 
water makes the regular fluid base. 


ACUTE TOXICITY TESTS 


Estimations of the acute toxicity were made for 
each of the three materials administered intraperi- 
toneally to rats, mice, and rabbits and given orally 
in a single dose (by stomach tube) torats. The rats 
were adult albino animals mostly females; no sex 
differences in toxicity were observed so that the data 
have been combined. The mice were adult female 
albinos. The rabbits were adult male albinos, 
black, brown, and varicolored. Mortality records 
were kept daily for a period of at least three weeks 
after treatment. The data are summarized in 
Tables II-V. The LDy»’'s have been estimated 
graphically ard are presented in Table I. 


TABLE I 
— = — = 
——Intraperitoneal Oral LDw 
Rats Mice Rabbits, Rats, 
Material Ce, Kg. Ce. /Kg Ce/Kg Kg 
FBSE 4.5 5 0.2-0.5 50° 
FBSQ 2.5 2 0.2-0.5 40° 
LC 6.0 5.5 5-7.5 40 


* No deaths 


FBSE may be described as practically nontoxic 
when given intraperitoneally to rats and mice, but 
it is moderately toxic in the more susceptible rabbits. 
The toxicity of FBSQ is somewhat greater than that 
of FBSE; when given intraperitoneally to rats and 
mice, it may be classed as slightly toxic. In rabbits, 
the toxicity of FBSQ is moderate. Following intra- 
peritoneal administration, LC is practically non- 
toxic in rats, mice, and rabbits. All three sub- 
stances, when given orally to rats, may be admin- 
istered without mortality in such large doses that 
they may all be classed as relatively harmless. 

Following the intraperitoneal administration of 
FBSE, some rats were observed for as long as one 
hundred and four days. On autopsy, grayish mate- 
rial streaked with yellow was frequently found in 
cyst-like membranes attached to the upper ab- 
dominal wall. Some adhesions were also observed 
tying the gut and other visceral organs together. 
The same general findings were observed on autopsy 
of the animals given FBSQ. The cheesy material 
was absent in the peritoneal cavities of rats that 
had been given LC; however, adhesions were some- 
times seen. Similar abnormalities were observed in 
mice and in rabbits. There were no evidences of 
gross abnormalities due to treatment in the rats 
given oral doses of either of the three materials. 

The LDw’s are large in each instance. The oral 
toxic doses are very large. The differences between 


* Urea is toxic only in extraordinarily large doses; toxic 
symptoms in man occur with blood levels above 165 mg. % 
(4-6) 

* No attempt will be made to review the extensive literature 
on the toxicity of ethanol 

* The toxicity of the bile salts roughly parallels the degree 
of reduction and, conversely, decreases with oxidation. The 
parenteral toxicity is much greater than the oral, depending 
on the nature of the bile acid. The average lethal dose, par- 
enterally, varies from the order of 10 mg./Kg. to more than 
1 Gm/ Kg. (7-15) 


Vol. XL, No. 10 


TaBLeE FoLLowInG 
TONEAL INJECTION IN Rats oF FBSE, FBSQ, anp LC 


INTRAPERI- 


i 


onc 


2.0-10.0 15 


TaBLe IV.—Morta.ity 
TONEAL INJECTION IN RA 


+4 


i 


SoS 


ore & to 


211 10 


TaBLe 
TONEAL INJECTION IN Mice oF FBSE, 
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Mortality, 
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INTRAPERI- 
FBSQ, AND 


. Mortality, 
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0 

0 

6 
18 
a4 
100 
0 

0 

6 
82 
100 
100 
0 

0 

0 
20 
67 
60 
73 
95 
100 


INTRAPERI- 
Irs oF FBSE, FBSQ, 


Material Rats Gui Ce-/ Ke 
FBSE 12 184 1 = 
12 187 2 83 a 
12 194 4 16 } 
10 200 5 80 
7 190 6 100 
12 196 10 83 
FBSQ 0 2 22 0 
0 10 262 0 
0 15 230 50 
0 2 25 0 0 * 
0 10 205 0 60 
0 15 220 7 70 
1 12 204 0 67 
i | 15 242 1 80 x 
2.0 15 244 4 90 a 
a 3.0 5 207 46 100 yi 
—. LC 0.1 2 237 0.4 0 
0.5 2 206 4 0 
1.0 22 «249 1 5 ‘ 
15 262 6 27 
14 15 265 3 27 oe 
1.6 15 271 40 
215 4 100 
100 
| Av 
j Body 
Dose, No. Wt., 
Material Ce Mice Gm. Ce 
FBSE 0.01 2 22 05 
0.02 17 0.7 
0.04 17 1.6 j 
0.08 17 25 3.3 
0.12 16 25 5.0 
| 0.2-1.0 6 18 11-62 ae 
; FBSQ 0.01 2 24 0.4 
0.02 17 28 0.7 
: 0.04 17 29 4 
x 0.08 17 27 0 
4 0.12 16 25 0 
0.20.5 4 24 -21 
LC 0.01 2 2 4 
0.05 7 @ 2 
0.066 10 22 7 
0.10 15 23 
0.12 10 24 0 
0.14 10 28 9 
‘ : 0.15 15 22 0 
4 0.20 17 2 2 
0.5-1.0 4 23 
AND LC 
Av 
No Mor- 
! Dose, Rab- Dose, tality, 
Material Ce bits Ce./Kg. % ‘ 
a FBSE 0.3-1.2 2 0.1-0.2 0 ¥ 
1.945.0 6 0.5-10.0 84 
? FBSQ 0.5-1.2 2 0.1-0.2 0 
2.6-22.0 4 0.5-5.0 100 
LC 12-21 2 2.5-5.0 0 = 
38-42 2 7.5-10 100 j 
a 
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TaBLE V.—MortTALity FOLLOWING SINGLE ORAL 
Dosgs tn Rats oF FBSE, FBSQ, anp LC 


atrophy 


Mor- 
tality, 
% 


Testicular 


i 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
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Pathology 
Lung 
Infection 


SSM 


Related to 
Treatment 


the three materials are not great and, except for the 
susceptibility of the rabbit to FBSE and FBSQ, 
the species variations are not important. In general, 
the acute toxicities of these three materials are low. 


9.54 
10.13 


we. 


Av. Liver 


SHORT-TERM STUDIES IN RATS 


Groups of male and female rats were fed diets 
containing various levels of FBSE, FBSQ, and LC 
for periods of sixty days and observed for various 
criteria of toxic effects. In general, large doses 
could be ingested daily with very little evidence of 
toxic effects (Table VI and VII). 

Growth curves showed that the rats (10 males and 
10 females per group) given fox chow meal with 
meat into which 1° and 10%, respectively, of 
FBSE, FBSQ, and LC were mixed grew as well as 
the control groups. When diets containing 30° 
were given, some growth retardation was observed 
in each case. The average initial and final body 
weights are given in Tables VI and VII. In Fig. 
1 the average growth curves for the male rats 
have been plotted; the female rats exhibited com- 
parable patterns. The fact that such a high per- 
centage of these three materials was tolerated with 
only moderate diminution in growth should be em- 
phasized. Few materials can be ingested by rats at 
a level of 30% of the diet without producing violent 
and intractable diarrhea. 

Mortality was negligible; only two of the 240 
rats died during the sixty-day period. 

Near the end of the experimental period, a single 
pooled urine sample was collected from each group 
by placing several rats in a single metabolism cage 
overnight. The customary semiquantitative an- 
alyses for sugar and protein gave only values such 
as are usually found in control rats. There was no 
evidence of any effect on the urinary concentrations 
of these constituents with increase in percentage of 
any of the three materials. 

Blood samples were taken near the end of the 
period for hematological observations. The hemo- 
g'obin values, red blood cell counts, white blood cell 
counts and differential counts were comparable 


Hematol 
ogy 
Normal 
Normal 


Urine 
Analysis 


Normal 
Normal 


0/10 
0/10 


Mortality 


TaBLe VI.—SUMMARY OF OBSERVATIONS ON MALE Rats GIveEN VARIOUS D1eTs AS INDICATED FOR 60 Days 
Final 
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Body 5 
Material Rats Gm. Ce./Kg. 
FBSE 10 162 12.4 
15 158 38.0 
| 15 159 50.0 
FBSQ 2 177 06 | 38 
2 221 2.3 
2 183 5.5 | |*3 
2 216 9.2 | | 
| 2 233 13.0 
16 «174 29.0 | 
0 15 182 44.0 | 
LC 1 2 193 0.5 
5 2 219 2.3 | 
0 2 201 5.0 
0 2 225 8.9 
0 2 197 15.0 
0 2 190 21.0 
0 17 209 24.0 
6.0 10 195 31.0 ze 
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TIME IN DAYS 
Fig. 1.—Growth curves for male rats. 


I, Fused bentonite sulfur emulsion; II, bentonite sulfur with Quadrafos; III, concentrated base. 
controls, © = 1%, 9 = 10%, @ = 30%. 
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from group to group and within the normal limits of 
such observations in our rat colony 

At autopsy, organ weights were recorded for heart, 
lungs, spleen, stomach, liver, kidney, brain, and 
testes. Average organ weights were compared, both 
directly and when expressed as mg./Gm. body 
weight. There was evidence of dependence of organ 
weight on treatment only in the case of the average 
liver weights; these tended to increase in both male 
and female rats given FBSE and FBSQ (for the 
latter especially at 30%), whereas in rats given LC 
the liver weights may be slightly smaller in the 30% 
groups. The average liver weights for each group 
are given in the summary tables. The significance 
of the liver weight changes is unknown. 

Tissue samples of the following organs were pre- 
pared for histological examination: heart, lungs, 
liver, spleen, kidneys, reproductive organs, bone 
marrow, and brain. The histological examinations 
were made by Dr. David R. Hawkins and Edwin 
H. Church of the Department of Pathology. They 
concluded that FBSE, FBSQ, and LC as admin- 
istered produced no specific histological changes. 
In the summary tables the most frequently de- 
scribed minor pathological abnormalities are listed; 
a number of lung infections were seen, a few renal 
infections, and some parasitic infestations. 

To summarize the feeding studies in rats, it may 
be said that FBSE, FBSQ, and LC exhibit a low 
order of toxicity. The addition of even 10% in the 
diet did not depress the growth rate and 30% pro- 
duced only moderate growth retardation. Mortal- 
ity was negligible. Only normal values were re- 
corded from urine analyses and hematological 
studies. Organ weights were mostly normal; some 
variation in liver weights was found. No specific 
pathological changes were observed. 


SHORT-TERM FEEDING STUDIES: DOGS 


Dogs were given various doses of FBSE, FBSQ, 
and LC for a period of sixty days with the findings 
summarized in Table VIII. Doses of 5and0.5Gm./ 
Kg./day of each material were given to one dog and, 
in addition, one dog was given 2 Gm. of FBSE/Kg./ 
day. In most cases the dogs gained a little weight 
and were in good condition with good appetite 
throughout the experimental period. Urine samples 
were analyzed at the beginning of the experimental 
period and near the end; only normal values for 
sugar and protein were obtained. Two or three 
blood samples were taken from each dog for hema- 
tological study; one sample was taken just before 
beginning the test feeding, the second sample after 
six to eight weeks, and the third sample just prior 
to termination. In three dogs, minor variations in 
red blood cell counts and hemoglobin were recorded, 
in the other dogs only normal values were found. 
At the time of autopsy, organ weights were recorded. 
These were all found to be normal; however, for 
comparison with the rat liver weights, the dog liver 
weights are recorded in Table VIII. 

Tissue samples were taken of the following or- 
gans: heart, lungs, spleen, stomach, small and 
large intestine, pancreas, liver, adrenal, kidney, 
reproductive organs, bone marrow, and brain. The 
histological examinations were conducted by Drs. 
D. H. Hawkins, Harvey J. Blanchet, Jr., and Edwin 
H. Church of the Department of Pathology. They 
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found no evidence of pathological changes attribut- 
able to the administration of FBSE, FBSQ, or LC. 
A few minor pathological changes were noted. 


SUMMARY 


1. The acute toxicity of fused bentonite sul- 
fur emulsion (FBSE), fused bentonite sulfur 
emulsion with Quadrafos (FBSQ), and a liquid 
concentrated base (LC) has been measured in 
rats, mice, and rabbits. The LD ’s are of the 
following magnitudes: (a) in rats, intraperi- 
torfeal administration: FBSE, 4.5 cc./Kg.; 
FBSQ, 2.5 cc./Kg.; LC, 6.0 cc./Kg.; given 
orally, FBSE, 50 cc./Kg. caused no deaths; 
FBSQ, 40 cc./Kg. caused no deaths; LC, 40 cc. 
Kg.; (6) in mice, intraperitoneal administration: 
FBSE, 5 cc./Kg., FBSQ, 3 cc./Kg.; LC, 6 
ec./Kg.; (c) in rabbits, the lethal ranges follow- 
ing intraperitoneal administration: FBSE and 
FBSQ, 0.2 to 0.5 cc./Kg., respectively; LC, 5 to 
7.5 ec./Kg. FBSE is practically nontoxic to rats 
and mice but is moderately toxic to rabbits. 
FBSQ is somewhat more toxic than FBSE. LC 
is practically nontoxic. 

2. Groups of rats, 10 males and 10 females, 
were maintained for sixty days on diets contain- 
ing 0 (control groups), 1, 10, and 30 per cent, 
respectively, of each of the three preparations. 
Some growth retardation was observed in the 30 
per cent groups; the other experimental rats 
grew as well as the control groups. No effects 
were observed on survival, urine sugar and pro- 
tein, or on hematological values. 

Organ weights were within normal ranges ex- 
cept for a tendency for liver weights to vary with 
dosage. No specific histological changes were 
produced. The three preparations exhibited a 
low order of toxicity. 

3. Dogs were fed doses of from 0.5 to 5 Gm. 
Kg./day of each preparation for sixty days. No 
effects were observed on body weights, urine 
sugar and protein, hematological values, or organ 
weights. No pathological changes were attrib- 
uted to the treatment. 
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A New Hydrocarbon Ointment Base: Jelene 50W* 


By E. R. JONES+ and B. LEWICKI 


A new ointment base known as Jelene 50W and consisting essentially of saturated 
hydrocarbons has been used in place of petrolatum as an ingredient of the bases for 


several official and unofficial ointments. 


Ointments thus prepared have been com- 


over a period of several months with the same ointments containing petrola- 
tum. The conclusion reached as a result of this study is that Jelene is preferable to 
petrolatum because of its high stability over a wide temperature range. 


eons 50W' is a white, unctuous substance 
having a soft ointment consistency and a 
Wiley melting point of 90-91°C. It is described 
by the manufacturers as “consisting essentially 
of saturated hydrocarbons."’ The consistency 
of Jelene 50W remains nearly unchanged within 
the temperature range of —40° F. and 180° F. 
and it was this unusual property that suggested 
the new substance as a base for official ointments. 

We had been requested to cooperate in a field 
testing program to develop a suitable base for 
veterinary ointments capable of retaining their 
desired consistency over a wide temperature 
range. Fortunately, this program offered an 
opportunity to test certain more common oint- 
ments in which the white petrolatum had been 
replaced with Jelene 50W. However, we shall 
limit this report to the behavior of six U. S. P. 
XIII and seven N. F. VIII ointments of wide 
variety as they were prepared and tested in our 
Product Testing Laboratory. 


EXPERIMENTAL 


The 13 official ointments were chosen for this 
test because they were representative of widely dif- 
ferent medicaments and because they were com- 
posed of high proportions of various bases which we 


° Received May 5, 1950, from the Products Development 
Laboratories of Parke, Davis & Co., Detroit, Mich 

Presented to the Practical Pharmacy Section, A. Pu. A., 
Atlantic City meeting, May, 19! 

on Asst. Director, Products Development. Parke, Davis & 


a by the Research Products Corporation, Madi- 


wished to replace with Jelene 50W. The various 
official ointments were prepared as controls. 

Each of the Jelene 50W ointments, with controls, 
was placed in 1-oz. flint glass jars to be stored four 
months at various temperatures. Routine periodic 
inspections were made of the preparations as they 
were held at 40° F., room temperature (approx. 
75° F.), 100° F., 110° F., and 120° F. 

A study of these tabulations shows that except 
in a very few instances, an ointment was obtained 
with Jelene 50W which we thought was superior in 
appearance, ease of application, and stability at 
elevated temperatures to the official ointments. 

Their ability to maintain their approximate orig- 
inal consistency at both very low and very high tem- 
peratures and to easily issue from a tube with a very 
small opening is an asset we can all appreciate, and 
should be of value particularly in opthalmic oint- 
ments. 

The ease with which it can be blended with other 
ingredients on the ointment slab will make it a 
popular product for ;rescription work. 

In the present form, Jelene 50W has the limita- 
tion of dissolving such substances as menthol, 
methyl salicylate, and camphor with the result 
that ointments containing these chemicals become 
too soft. Likewise, coal tar produces an ointment 
too soft to prevent separation. Jelene 50W does 
not lend itself to the incorporation of waxes as stiffen- 
ing agents because it is difficult to cool the resulting 
mixture to a smooth consistency. The manufac- 
turers advise us, however, that this base can be pre- 
pared of increased stiffness, if desired. 

It was also noted that excessive milling decreased 
the consistency of this base. In an effort to evalu- 
ate this change, we passed samples of Jelene 50W 
six times through an ointment mill and a roller 
mill. Penetrometric measurements on these sam- 
ples, when compared with unmanipulated Jelene 
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Appearance 


of Official Appearance of Oint., Jelene 
Name Official Base Prepn. Jelene Prepn. *v. Oint., ° F. 
Ammoniated mer- White ointment and Ivory Soft, white, glossy 110 120 
cury ointment wool fat 
Zine oxide ointment White ointment and White, flat White, glossy 110 120 
wool fat 
Sulfur ointment White ointment and Yellow Soft, lighter yel- 110 120 
wool fat low, glossy 
Belladonna oint- Yellow ointment Soft, greenish Soft, greenish 110 120 
ment black black 
Phenol ointment White ointment Light yellow Softer, white and 120 120 
translucent 
Coal tar ointment White petrolatum Gray, stiff Soft gray which 110 110 
later separates (more pro- 


Taste Il.—-N. F. VIII OINtMENTS 


nounced ) 


Appearance 
of Official 
Name Official Base Base 
Ointment benzoic White petrolatum Ivory 
and salicylic and wool fat 


acids 
Ichthammol oint- Petrolatum and _ Black 
ment wool fat 
Calamine oint- Petrolatum, wool Stiff, pink 
ment fat, and yellow 
wax 


Iodine ointment Yellow ointment Soft, black 


Compound resor- Petrolatum, wool Stiff, gray. 
cinol ointment fat, and yellow Discolors 
wax 


Capsicum oint- Petrolatum and Orange color, 
ment paraffin semitrans- 
parent 
Mild calomel White _—petrolat. Ivory 


ointment hyd. wool fat 
and water 


«@ Prepared with hydrophilic Jelene w/o type. 


5OW, showed the viscosity of the sample passed 
through the roller mill to be essentially unchanged 
but the viscosity of the sample passed through the 
ointment mill had been considerably decreased. 

It probably will never be possible to reduce the 
cost of Jelene 50W to compare with the cost of 
white petrolatum. However, we feel that the 
physical advantages offered by this new ointment 
are sufficient to suggest that it be substituted for 
white petrolatum in the preparation of official oint- 
ments, provided pharmacological tests prove satis- 
factory. We feel this suggestion to be worthy of 
the consideration of the official revision committees. 


SUMMARY 


1. A new ointment base consisting essentially 
of saturated hydrocarbons is reported. It has 
high stability over a wide range of temperature. 


Breaking 


Breaking 
Appearance Temp Temp 
of Jelene Official Jelene 
Base Base, ° F Base, ° F 
Soft, white, glossy 110 120 


Rich, soft, black 120 (slight) 120 


Soft, pink (very 110 (marked) 120 (slight) 
slightly darker) 


Soft, black with 120 (pockets) 120 
slightly greater 
violet hue 

Slightly darker, 100 (progres- 75 (slight pock- 
softer, more at- ses at higher ets form but 


tractive. Dis- tempera- no increase 
colors tures) at higher 
tempera- 
tures) 
Soft, transparent 120 120 


red-amber (su- 
perior to offi- 
cial) 


Soft, white 110 (marked 12” 


at 120) 


2. This base, Jelene 50W, has been substi 
tuted for the bases of 13 official ointments and 
the new and the official preparations have been 
studied under various conditions. 

3. Jelene 50W allows the preparation of 
physically superior ointments in most of those 
studied. 

4. Jelene 50W has certain limitations in our 
experience which have been discussed. 

5. Ointments made with Jelene 50W are soft, 
easily spread, and easily compounded with 
other substances. 

6. The advantages of Jelene 50W for the 
prescription pharmacist have been demonstrated 
to our satisfaction and we recommend this sub- 
stance to the official revision committees for 
their consideration. 
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The Effect of lodides on Phenobarbital Narcosis* 


By JOHN C. KRANTZ, Jr., and MARY JANE FASSEL 


The narcosis produced in the white rat by 
phenobarbital sodium is prolonged and in- 
tensified by the parenteral or oral administra- 
tion of iodides. The observation was made 
with sodium iodide and Organidin. The 
intraperitoneal injection of solutions of sorbi- 
tol, glycerin, and sucrose also prolongs and 
intensifies the narcosis produced by pheno- 
barbital sodium. 


M* investigators have shown that the 
intraperitoneal injection of various sub- 
stances will prolong the narcosis produced by 
barbituric acid derivatives. Starkenstein and 
Weden (1) demonstrated that the intraperi- 
toneal injection of cholesterol in rabbits increased 
the rapidity of onset and duration of sleep pro- 
duced by intravenous injections of barbital 
sodium. Farson, et al. (2), showed that the 
intravenous or intraperitoneal injection of cho- 
lesterol in the rabbit and the dog intensified the 
anesthetic action of Pentothal sodium. Other 
investigators reported that acetylcholine and 
ergotamine tartrate (3), certain antihistaminic 
drugs (4), and thiamine hydrochloride (5), respec- 
tively, prolonged the narcosis produced by bar- 
bituric acid derivatives. Of special interest is 
the recent work of Wooster and Sunderman (6) 
who found that certain nitrates and nitrites 
upon intraperitoneal injection prolonged the 
anesthesia produced by Pentothal sodium. 


iodine bound with glycerin or its products of 
oxidation. The iodinated compounds have not 
been identified. There is no free iodine or in- 
organic iodide present in the preparation. The 
product elicits antithyroid effects. It was called 
to our attention by certain clinical observers that 
when Organidin was administered to patients 
who were simultaneously taking phenobarbital, 
the sedation produced by phenobarbital was in- 
tensified and prolonged. We decided to subject 
this observation to critical studies. 


EXPERIMENTAL 


Young white male Wistar rats were used in these 
experiments. Many of the various agents were in- 
jected intraperitoneally and others were administered 
orally. Throughout this study, injections of phe- 
nobarbital sodium were made intraperitoneally. 
The term narcosis as used herein is the absence of 
the righting reflex and the presence of a syndrome 
comparable to light surgical anesthesia. 

Although intraperitoneal injections of Organidin 
produce no demonstrable effect upon the rats, the 
data in Table I show that this substance lengthens 
significantly the narcosis produced by phenobarbital 
sodium. The same condition was seen to prevail 
with an equivalent amount of sodium iodide in- 
jected intraperitoneally. However, the effect was 
not so pronounced as that with Organidin. The P 
value indicating the statistical difference between 
the mean of the control rats during narcosis and 
that of the experimental animals is significant. 


TABLE I.-PROLONGATION OF NARCOSIS OF PHENOBARBITAL SODIUM WITH IODIDES 


Control narcosis 
mg./100 Gm. pheno- 
barbital sodium ) 
Organidin 
(0.25 ce. /100 Gm. of rat) 
Organidin 
(0.56 cc. /100 Gm. of rat ) 
Nal 
1./100 Gm. of rat = 0.56 cc 
of Organidin 


For some time we have been interested in the 
pharmacology of a substance obtained by the 
interaction of glycerin and iodine, known as Or- 
ganidin.' The product contains 2.5 per cent of 


* Received June 4, 1951, from the Department of Phar- 
macology, School of Medicine, University of Maryland, Balti- 


ore. 
1! Marketed by Henry K. Wampole and Co., Philadelphia 
Pa. 
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Onset of 
Narcosis, 


(Min Duration of 


After Narcosis, 
Injection) (Min) 


39 103 + 10 


226 + 21 <0.001 


367 + 10 <0.001 


180 + 15 <0.001 


Since Organidin is obtained by the interaction of 
iodine and glycerin, we were concerned with the 
effect of various substances such as glycerin and 
sorbitol upon the prolongation of the narcosis pro- 
duced by phenobarbital sodium. These data are 
shown in Table II. 

It is clear from the data in Table II and their 
statistical analysis that sorbitol, glycerin, and suc- 
rose each lengthen the narcosis produced by pheno- 
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SATION OF NARCOSIS BY THE INTRAPERITONEAL INJECTION OF VARIOUS AGENTS 
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No. of 
Rats 
Control narcosis 12 
(12 mg./100 Gm. phenobar- 
bital sodium) 
NaCl (equivalent to Nal dose) 12 
NaBr (equivalent to Nal dose) 12 
Glycerin (0.56 cc. of 50% w/v 8 
solution /100 Gm.) 
Glycerin a + Nal } 8 


(a) 0.56 cc. of 50% w/v solu- 
tion /100 Gm. 
(b) 1,/100 Gm. of rat = I, in 
0.56 ec. of Organidin 
Sucrose (0.56 cc. of 50% w/v 9 
solution / 100 Gm.) 
Sorbitol (0.56 cc. of 50% w/v 
solution /100 Gm.) 


x 


barbital sodium. However, it is of special interest 
that this does not hold true with either sodium chlo- 
ride or sodium bromide 

In order to determine whether or not the effect 
was due to the intraperitoneal injection of a sub- 
stance with high osmotic pressure, the Organidin 
was given orally to fasted rats thirty minutes prior 
to administration of phenobarbital sodium. Al- 
though there was slight prolongation of the nar- 
cosis produced by phenobarbital sodium, the effect 
of Organidin upon oral administration was not 
nearly as marked as that upon intraperitoneal in- 
jection. 

To study further the effect of the intraperitoneal 
injection of Organidin upon the narcosis of pheno- 
barbital sodium, we administered a non-narcotic 
dose of phenobarbital sodium (6 mg./100 Gm. of 
animal). Intraperitoneally this dose narcotized 
none of the animals. When, however, this non- 
narcotic dose was given plus Organidin (1.7 cc./100 
Gm.), all of the animals were narcotized, indicating 
that the threshold for narcosis is diminished by the 
presence of the organic iodide. 

The experiment was repeated on fasted rats, using 
9 mg./100 Gm. of phenobarbital sodium. In this 
experiment four out of nine animals were narcotized. 
However, when the Organidin was administered 
orally thirty minutes before the phenobarbital so- 
dium, all of the animals were narcotized, indicating 
that the effect of Organidin in intensifying the 
narcosis of phenobarbital is also exhibited upon oral 
administration. 

The problem was further investigated by the oral 
administration of sodium bromide and sodium io- 
dide (six times the intraperitoneal dose) respectively, 
to fasted rats, followed in twenty minutes by an in- 
traperitoneal injection of 9 mg./100 Gm. of pheno- 
barbital sodium. All of the rats were narcotized, 
indicating that sodium iodide and sodium bromide 
when administered orally potentiate the narcosis 
produced by phenobarbital sodium. 

Another series of animals was fed 0.5% sodium 
iodide in the drinking water for a period of seven 
days. Prior to the administration of sodium iodide, 
9 mg./100 Gm. of phenobarbital sodium produced 
narcosis in none of lO animals. After sodium iodide 
the same dose of phenobarbital sodium elicited 


Onset of 
Narcosis, Duration 
(Min. of 
After Narcosis, 
(Injection) (Min.) P Value 
24 136+ 6 
24 145 + 12 >0.5 
20 140+ 8 >0.6 
16 333 + 22 <0.001 
16 356 + 16 <0.001 
18 261 + 19 <0.001 
12 2609+ 9 <0.001 


narcosis in six of the 10 animals. The average dur- 
ation of narcosis of the six animals was seventy-five 
minutes. Thus the presence of iodide in the tis- 
sues appears to lower the threshold for phenobarbital 
sodium narcosis. 


DISCUSSION 


From the data in Tables I and II it is apparent 
that substances of the sugar alcohol type, and also 
the disaccharide sucrose, when injected intra- 
peritoneally into the rat will prolong the narcosis 
produced by phenobarbital sodium injection. In- 
organic iodides produce a similar response, and 
when the iodide and a sugar alcohol such as 
glycerin are combined, the potentiation of narcosis 
is increased. It is our opinion that the effects 
of these substances exhibiting high osmotic pressure 
injected into the peritoneal cavity, are due to 
the osmotic pressure changes in the animal 
Thus one may speculate that fluid is drawn from the 
extracellular spaces, tissues, and the blood, and that 
the concentration of the narcotic agent in the cir- 
culating blood is thereby increased. Through this 
mechanism the barbiturate concentration in the 
brain may be increased. 

Since glycerin, sorbitol, and sucrose upon oral 
administration are metabolized and ultimately find 
their way into carbon dioxide and water, one would 
not expect them to exert the foregoing effect upon 
oral administration. We do not have any adequate 
explanation for the effect of the iodide ion in poten- 
tiating the action of phenobarbital sodium. It is 
true that the iodides are used for their vascular 
action and to a limited extent they may emulate 
the action of nitrites and nitroglycerin. Wooster 
and Sunderman (6) hold the view that vasodilators 
of the nitrite-nitrate series produce increased cere- 
bral blood supply and this in turn may be related to 
a greater amount of barbiturate reaching the brain. 
This condition may prevail with iodides. There 
occurs, however, another possibility. Iodides have 
been shown to decrease oxygen uptake of tissues 
through inhibition of the pituitary-thyroid axis. 
Organidin shares this action. This effect may 
render the organism more susceptible to depression 
by barbiturates. It appears that the mechanism 
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must be different from that of depression per se 
owing to the fact that the bromide ion, which is 
known to exert a depressing effect upon the cerebral 
cortex, is not as efficient as the iodine ion in poten- 
tiating the action of phenobarbital sodium. 

It is well established that phenobarbital is excreted 
in the urine. unchanged. We therefore tested the 
synergistic action of Organidin with a barbiturate 
which is readily metabolized. Maynert and van 
Dyke (7) showed that pentobarbital is converted 
into a hydroxyl derivative and excreted. With 
pentobarbital the effect of Organidin was similar to 
that observed with phenobarbital (10 animals). 
Thus the synergism appears to obtain with the bar- 
biturates which are mainly metabolized, as well as 
with those which are chiefly excreted. 


SUMMARY 


1. It has been shown that in the white rat the 
narcosis of phenobarbital sodium is prolonged by 
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the intraperitoneal administration of glycerin, 
sucrose, sorbitol, inorganic iodides, and Organi- 
din. 

2. The oral administration of sodium iodide, 
sodium bromide, or Organidin increases the length 
of narcosis produced by the intraperitoneal in- 
jection of phenobarbital sodium. 

3. The mechanism of the potentiation is dis- 
cussed. 
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Determination of Nicotinic Acid in Pharmaceutical 
Products*t 


By ALEXANDER MUELLER and SERECK H. FOX{ 


The quantitative chemical determination of nicotinic acid employing ammonia and 

cyanogen bromide is described. The procedure is rapid and simple. Data are 

easily reproducible with reagents which are stable. Typical analytical data are 

presented which indicate that the method is exceptionally precise in its application 

to pharmaceutical preparations. Nicotinamide is determined as nicotinic acid after 
hydrolysis of sample. 


literature reviews of nico- 
tinic acid colorimetric procedures employ- 
ing various aromatic amines are available (1, 2 
These indicate the complicating factors involved. 
A brief description of the colorimetric deter- 
mination of nicotinic acid employing ammonia 
and cyanogen bromide was reported by the 
authors a few years ago (3).! Since the prior pub- 
lication (3), thousands of analyses with the am- 
monia method have been performed by several 
analysts in this laboratory. It has been success- 


* Received August 20, 1951, from the R. P. Scherer Corp., 
Gelatin Products Div., Detroit, Mich 

t Since the preparation of this manuscript, Sweeney and 
Hall have reported on the use of sulfanilic acid and ammo- 
nium hydroxide in the analysis of nicotinic acid: cf. J. Assoc. 
Ofe. at Chemists, 34, 380(1951), and Anal. Chem., 23, 983 


-x The authors wish to gratefully acknowledge the technical 
assistance and aid in accumulation of data by Florido A. 
Filippini, Fred G. Helmboldt, Marion Kegler, Joyce Hansen, 
and Jasinski 

1 This method, substantially in its present form was con- 
sidered by the then active Vitamin Committee of the Ameri- 
can Drug Manufacturer's Association and by various members 
of the Nicotinic Acid Sub-Committee of that Committee. In 
addition, members of the Food and Drug Administration 
have been given the opportunity of private trials with it. 


fully applied to a variety of pharmaceutical mix- 
tures. The relatively simple procedure has pro- 
duced consistent results with a minimum of inex- 
pediency. The ammonia method has eliminated 
many objections inherent in the use of organic 
amines. The reagents are stable, readily avail- 
able, and reproducible. The color obtained ex- 
hibits a comparatively large absorption constant; 
therefore small variations in concentration cause 
an appreciable change in absorbancy, resulting in 
high sensitivity in the step of color estimation. 

When nicotinic acid is reacted with cyanogen 
bromide in the presence of ammonia, a bright 
yellow color is produced. The color is propor- 
tional to concentration when plotting absorbancy 
at the maximum wave length against concentra- 
tion of nicotinic acid. The wave length maxi- 
mum is at 408 my, reaching its highest intensity 
at two to two and one-half minutes after addi- 
tion of reagent. The extinction coefficient E).% 
is 4,300 to 4,600 (dependent on a given set of 
conditions). The wave length maximum for 
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nicotinamide is at 398 my, reaching its maximum 
intensity at six minutes, with a slightly lower 
extinction coefficient. Since the rate of reaction 
with nicotinamide is slower than with nicotinic 
acid, it is more expedient to hydrolyze the amide 
to the acid, then proceed with the analysis as 
nicotinic acid. Either acid or alkali hydrolysis 
may be employed. If acid is used, the solution 
after hydrolysis should be adjusted to a pH 
above 2.0. Slightly acid or a basic medium does 
not interfere with the color development. Gen 
erally, with pharmaceutical preparations, the 
increment procedure is unnecessary. In cases 
where the nature of the contaminant causes high 
or low results the increment procedure can be 
readily adapted to the procedure described 
herein without great inconvenience. With 
colored solutions a blank is prepared and the 
absorbancy value of the blank subtracted from 
the total. 


EXPERIMENTAL 
Reagents and Apparatus 


U. S. P. Reference Standard Nicotinic Acid. —A 
stock solution containing 200 yg./cc. is prepared in 
distilled water and stored in refrigerator. Remove an 
aliquot by pouring 10-15 cc. into a beaker, allow 
to come to room temperature, then make a dilution 
containing 3-5 ug./cc. for standardization. Dilute 
solutions (3-5 ug./ce.) of nicotinic acid are not 
stable at room temperature for more than twelve 
hours 

Cyanogen Bromide Reagent..-A solution 
is prepared by dissolving 50 Gm. of crystalline 
cyanogen bromide (Eastman) in 500 ml. of distilled 
water. To hasten solution the mixture is shaken 
in a mechanical shaker in a tightly stoppered bottle 
(glass stopper). The CNBr solution may be kept 
in the hood at room temperature when in daily use. 
No deterioration of this solution has been found at 
the end of one month. The crystalline CNBr is 
stored in a refrigerator. Weighing, dispensing of 
CNBr solution, and rinsing of glassware containing 
CNBr must be performed in an efficient hood. 

Buffered Ammonia Reagent.To a 1-L. volu- 
metric flask containing about 500 cc. of distilled 
water add 87.0 Gm. of dipotassium phosphate 
(K-HPO,), reagent grade, and 107.0 Gm. of am- 
monium chloride, (NH,Cl), reagent grade. Shake 
to dissolve the salts, then add 6.7 cc. of concen- 
trated ammonium hydroxide (28°), reagent grade, 
and make to volume with water Filter, if a sedi- 
ment forms on standing 

Sodium Hydroxide Solution, Reagent Grade, 0.5 .V. 

Hydrochloric Acid, Reagent Grade, Concentrated. 

Colorimeter.—The Evelyn Colorimeter with 19- 
mm. standardized test tubes and a double 420 my 
filter was used for most of data here reported. 
The investigational aspects were accomplished with 
the Model DU Beckman Spectrophotometer. The 
double 420 mau filter in the Evelyn was found to be 
more satisfactory than a single filter, since the 
double filter selects a narrower band width and in 


Vol. XL, No. 10 


turn gives L!% values comparable to the E 


values of the Beckman. 
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Procedure with Pharmaceutical Samples 


Place a suitable number (not less than two) of 
capsules, tablets, etc., in a 1-L. volumetric flask, 
add about 200 cc. of water and place the flask on 
a steam bath and swirl at intervals until sample is 
dispersed. If the niacin is in a fatty base, 3-5 cc. 
of ethylene dichloride is added as a solvent for the 
fats. Cool and make to volume (allow for fat 
solvent) with water and filter an aliquot for hy- 
drolysis (if sample is niacinamide). 


Hydrolysis 


Pipette a 10-cc. aliquot of the above filtrate into 
a volumetric flask (100-250 cc.). The size of the 
flask selected should be such that when the solution 
is made to volume it will contain a concentration of 
3-5 ug. of niacinamide per cc. Add 10 cc. of con- 
centrated hydrochloric acid and digest on a hot 
plate for twenty to thirty minutes. The heat 
must be so adjusted that at the end of the hydrolysis 
period approximately 2 cc. of solution remains 
Boiling to dryness must be avoided. Cool and add 
40-50 cc. of water. Add three to five pellets of 
potassium hydroxide and make to volume. This 
solution having a pH between 2 and 12 is employed 
for the colorimetric measurements. If an alkaline 
hydrolysis is preferred the procedure is as follows: 
add 10 ce. of 0.5 N sodium hydroxide solution and 
digest as above, observing the same precautions. 
After cooling, the flask is made to volume with 
water and requires no adjustment of pH. 


Color Measurement 


The technique here described is intended for the 
Evelyn Colorimeter and may be adapted to a differ- 
ent instrument if desired. To a series of matched 
colorimeter tubes add the following: 

——Tube No 
1 4 
Standard solution nicotinic 


acid, ce. l 1 
Test solution nicotinic acid, 

ce. l 1 1 
Ammonia buffer, cc. 3.3 3 3 
Cyanogen bromide reagent, 

ce. @ . 5 


The reagents are dispensed from automatic 
burettes. The tubes are rubber-stoppered before 
being placed in the instrument. The concentrations 
of the nicotinic acid solution are prepared so that 
their absorbancy is not less than 0.2 and not more 
than 0.5. 

Place tube 1 in the colorimeter and set the instru- 
ment for zero absorbancy (100°, transmittancy). 
Place tube 2 in the colorimeter and take the ab- 
sorbancy reading (C) at maximum color intensity 
between two and two and one-half minutes. Pre- 
pare tube 3 and read against tube 1; this is the 
test solution blank (B). Prepare tube 4 and read 
against tube 1 at maximum color intensity (A) 
between two and two and one-half minutes. Tube 5 
is used for the increment procedure (see next page). 
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Calculations 


A-—-BxS 
Cxw = of nicotinic acid per tablet, cap- 
sules, Gm., etc. 


= absorbancy of test solution 

= test solution blank 

= absorbancy of standard solution 

= ug. in standard aliquot per cc. 

= traction of tablet, capsule, Gm., etc., repre- 
sented in each cc. of final dilution. 


In a continuous series of readings lasting several 
hours the standard solution absorbancy should be 
rechecked at intervals of one to one and one-half 
hr. 

When the increment procedure is required, pre- 
pare tube 5 and take absorbancy reading (7) at 
maximum color intensity between two and two 


Description and Mg. Niacin HCl 
No. heory Hydrolysis 
Multivitamin capsules 
46975 10.5 10.73 
10.73 
46708 18.0 18.12 
18.12 
46507 20.0 20.34 
20.34 
46670 20.0 20.26 
20.00 
47142 22.0 21.94 
22.21 
46573 25.0 25.01 
25.40 
47411 25.0 24.88 
25.26 
47182 40.) 38.62 
39.13 
46608 165 162.91 
162.91 
47180 150 147.05 
148.03 
Multivitamin capsules 
with ferrous sulfate 
47018 7.63 
7.68 
47135 7.3 7.99 
7.94 


Multivitamin capsules 
with ferrous glucon- 
ate and liver conc. 

46637 


Multivitamin capsules 
with ferrous sulfate 
and whole dried liver 

46997 

47445 

Multivitamin capsules 
with yeast 

47574 11. 


Multivitamin capsules 
with yeast and liver 


conc. 
46685 20.0 20.20 
20.00 
46686 20.0 19.91 
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and one-half minutes. Calculate the result as 
follows: 

A-—-BxS 

Tua x Ww = 48 of nicotinic acid per tablet, cap- 


sule, Gm., etc. 


where JT is the absorbancy of test solution plus 
standard. 


DISCUSSION 


Data on various types of pharmaceutical capsules 
are presented in Table I. The data shows the 
precise performance of the method in the presence 
of interfering materials such as iron, liver, and 
yeast, and comparison of results employing either 
acid or alkaline hydrolysis. It is evident from 
examination of the data that either acid or alkaline 
hydrolysis may be used with equal accuracy or pre- 


NaOH 


Recovery, Hydrolysis Recovery, 
102.2 10.50 100.0 
102.2 10.67 101.6 
100.6 17.72 98.4 
100.6 17.99 99.9 
101.7 20.06 100.3 
101.7 20.27 101.3 
101.3 20.00 100.0 
100.0 20.00 100.0 

99.7 21.94 99.7 
100.9 21.94 99.7 
100.0 25.40 101.6 
101.6 25.81 103.2 
99.5 24.88 99.5 
101.0 25.26 101.0 
96.5 40.50 101.2 
97.8 40.77 101.9 
98.7 162.91 98.7 
98.7 164.90 99.9 
98.0 148.80 99.2 
98.7 145.08 96.7 


101.0 20.27 101.3 
100.0 20.27 101.3 
99.5 19.91 99.5 


100.5 


| 
} 
99.0 7.73 100.4 
99.7 7.68 99.7 
103.7 7.84 101.8 
103.7 7.89 102.4 
4 
4 
12.5 12.30 98.4 12.95 103.6 7 
12.30 98.4 12.85 102.8 
71 103.4 50.91 101.8 3 
09 104.2 51.71 103.4 
70 97.4 48.15 96.3 { 
70 97.4 48.77 97.5 
16 101.40 11.07 100.6 
11.23 102.1 11.16 m4 
| | 19.78 98.9 
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ABSORBANCY 


380 G00 410420430440 
WAVE LENGTH IN MILLIMICRONS 
Fig. 1.—Absorption spectrum of nicotinic acid- 
ammonia-cyanogen bromide reaction product. Con- 
centration 0.000195%; time two and one-half min. 


cision. It is preferable, however, to apply the 
alkaline hydrolysis since it saves a step in the pro- 
cedure of adding NaOH pellets to neutralize the 
excess acid. 

The 10% cyanogen bromide reagent was ob- 
served to be the optimum concentration. Stronger 
solutions have the tendency to crystallize at room 
temperature. Weaker solutions, 5° and 7°), 
freshly prepared, gave equal color response, but the 
reaction rate was retarded. The weaker reagents 
required three to five minutes for maximum color 
development. 

The spectrophotometric absorption curve of the 
reaction product of nicotinic acid-ammonia-cyano- 
gen bromide is shown in Fig. 1. The curve repre- 
sents the condition of the reaction at exactly two 
and one-half minutes. In order to obtain a constant 
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time curve, a separate reaction mixture (concen- 
tration constant) was prepared for each wave-length 
setting and clocked at two and one-half minutes. 

Nicotinamide reacts with ammonia and cyanogen 
bromide at a slower rate and produces its absorption 
peak at a lower wave length, as previously indicated 
By observing whether the absorbancy of the re- 
action mixture declines or continues to increase at 
408 my after three minutes, an indication is obtained 
if nicotinamide is present. This technique may also 
be employed to determine completeness of hydrolysis 
of the amide. On equimolar quantities of nicotinic 
acid and nicotinamide, the latter produces about 
three-fourths of the absorption intensity at 408 my 
in two and one-half to three minutes, as compared 
to the acid. 

Elvehjem and Teply (4) have pointed out the 
difficulties which can arise with colorimetric methods 
for nicotinic acid employing cyanogen bromide. 
Ammonia, as well as the previously used aromatic 
amines, gives a color with pyridine and certain of its 
derivatives. Fortunately, little difficulty is en- 
countered in pharmaceutical mixtures, due to the 
absence of pyridine compounds. 


SUMMARY 


1. The ammonia-cyanogen bromide method 
for the quantitative determination of nicotinic 
acid is described. 

2. Data on representative pharmaceutical 
mixtures employing both acid and alkaline 
hydrolysis are presented. 

3. The procedure is rapid, simple, and enables 
the operator to obtain accurate data with a 
minimum of difficulty. 

4. The spectrophotometric absorption curve 
showing the well-defined color is given. 
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Studies on the Stabilization of Human Serum 
Albumin. 


The Effect of the pH, the Stabilizers, and 


the Albumin** 


By JOHN H. HINK, JR., and FREDERICK F. JOHNSON 


The effect of pH on the stability of human 
serum albumin, as measured by light scattering 
at elevated temperatures, is reported. The 
study includes the relationship between pH 
and the various albumin stabilizers, and also 
includes the effectiveness of the stabiiizers 
on relatively native albumin and relatively 
denatured albumin. 


SOLUTION (25 per cent) of human serum 
albumin becomes more viscous and ex- 
hibits an easily measurable increase in light scat- 
tering upon exposure to heat for extended pe- 
tiods of time. Several stabilizers have been found 
to be effective in minimizing the increase in tur- 
bidity. Whereas 25 per cent albumin in 0.15 
M NaCl can be heated only a few minutes at 57° 
before a visible turbidity appears, the same al- 
bumin in 0.30 M NaCl can be heated approxi- 
mately twenty-four hours before a visible tur- 
bidity appears (1). The addition of 0.04 M 
acetyl tryptophane in place of the NaCl allows 
the albumin solution to be heated at 60° for ten 
hours, and the addition of 0.04 M acetyl trypto- 
phane plus 0.02 M sodium caprylate allows the 
solution to be heated at 64° for ten hours before 
appearance of the first visible turbidity (2). 
Luck and his co-workers (3-6) have used sodium 
caprylate and related compounds to prevent 
any change in light scattering of bovine albumin 
and human albumin solutions under conditions 
which would otherwise cause severe denaturation. 
This study, made chiefly with acetyl trypto- 
phane and sodium caprylate, was undertaken in 
order to determine the optimum fH and the op- 
timum mixture of stabilizers for minimizing de- 
naturation at 57° and 60° as measured by light 
scattering. 


METHODS 


Turbidimetric methods were used as a measure of 
denaturation at elevated temperatures. A special 
photoelectric tyndallometer (1) was used which 
measures light scattered at an angle of 90°. This 
tyndallometer also measures transmitted light, 
by which means any decrease in percentage trans- 
mission of light due to an increase in color of the al- 
bumin can be measured and applied as a correction 


* Received May 7, 1951, from the Research Division, 
Cutter Laboratories, Berkeley, Calif. 

t Presented to the Scientific Section, A. Pu. A., Buffalo 
meeting, August, 1951. 


to the measurements of scattered light. The tur- 
bidity values are expressed in terms of ‘‘nephelome- 
tric units.” A unit is approximately 1° of the 
turbidity of a standard of absolute turbidity 0.0193. 

Hydrogen-ion determinations of the albumin 
solutions were made on 1.0% albumin prepared by 
diluting the 25° albumin solutions with 0.02 M 
sodium chloride free of carbon dioxide. The pH 
of the diluted solutions was then measured with a 
glass electrode standardized against three buffers 
of different pH. 


RESULTS 


Effect of pH on Stabilization.—Early experiments 
with human serum albumin prepared by the meth- 
ods of Cohn indicated a maximum heat stability at 
pH 6.8. Scatchard (1), studying 25% albumin dis- 
solved in 0.3 M NaCl, reported the maximum sta- 
bility at 57° to be at pH 6.75 and the maximum 
stability at 50° to be at a slightly higher pH value. 

Solutions of albumin (25°) were prepared in 0.3 
M NaCl and were adjusted to different pH values 
and filtered by the same method as used by Scatch- 
ard. These albumin solutions were maintained at 
50° and 57° and nephelometric measurements were 
made daily as previously described. Two types 
of albumin were used in these experiments: the so- 
called ‘‘stable” albumin was prepared without in- 
cident by method 6 of Cohn (7); the so-called ‘‘un- 
stable” albumin was prepared in the same manner, 
but was slightly denatured by exposure to 40% 
ethanol at 0°. 

In Fig. 1, the days at 50° and 57° required for an 
increase of 20 nephelometric units are plotted against 
pH. The “unstable” albumin being the more 
stable at 50° is not too uncommon. When albumin 
is slightly denatured by alcohol above 0°, traces of 
globulin impurities are denatured sufficiently to 
be removed from solution, and the resulting more 
pure albumin can show a more favorable stability 
over a short period of time. At 57°, the “‘unstable” 
albumin appeared approximately as stable as the 
“stable” albumin, but, as will be seen in the subse- 
quent data, this was true only for albumin in a 
diluent of 0.3 M NaCl, in which albumin is not par- 
ticularly stable anyway. The 50° stability of our 
albumin was not quite as great as that reported by 
Scatchard (1), but the 57° stability was a little 
greater. The pH of maximum stability in 0.3 M 
NaCl appeared to be between 6.7 and 6.8 at 57°, and 
between 6.9 and 7.0 at 50°. This appeared to agree 
very closely with Scatchard’s data, and served as a 
check on the technique for subsequent work. 

Similar experiments were conducted with “‘salt 
poor”’ albumin using acetyl tryptophane and sodium 
caprylate as stabilizers singly and mixed in various 
proportions. It was known from previous work 
that the stabilizers being used would protect albu- 
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Fig. 1.—-Stability of 259% albumin in 0.3 M NaCl 
0 “Stable” albumin, 9 ‘‘unstable’’ albumin 


min against 50° denaturation for a length of time 
impractical to be measured; so the 50° heating test 
was discontinued. One-half of the samples were 
heated only at 57°. The other samples were heated 
at 60° for ten hours prior to the 57° heating, and the 
time for an increase of 20 nephelometric units was 
computed from the start of the 57° heating. The 
data from these experiments are shown in Figs. 
2,3, 4, and 5. It is apparent from these figures that 
the pH for best stability with acetyl tryptophane or 
sodium caprylate as stabilizers is higher than the 
pH for best stability of albumin in 0.3 M NaCl 
The optimum pH range for high temperature sta- 
bility in the presence of these organic stabilizers 
seems to be generally between 7.1 and 7.3 


before increase of 20 N 


& 
> 
5 


63 65 6.7 


Fig. 2.—Stability of 25% albumin in 0.04 M 
sodium acetyl tryptophane. 6 “Stable” albumin, 
9 “unstable” albumin. Solid symbols indicate 
sample heated ten hours at 60° prior to study. 


63 65 67 69 71 73 #75 (7.7 
pH 
Fig. 3.—Stability of 25% albumin in 0.02 M 
sodium acety! tryptophane plus 0.02 M sodium 
caprylate. “Stable’’ albumin, ‘“‘unstable”’ 
albumin. Solid symbols indicate sample heated ten 
hours at 60° prior to study 


In Fig. 5, the results indicate that with a stabiliz- 
ing mixture of 0.1 M acetyl tryptophane and 0.04 
M sodium caprylate, the stability of the albumin 
exceeds the practical limits of the 57° stability test. 
Samples not previously heated at 60°, and at the 
lower pH values, gelled before showing an increase 
of 20 nephelometric units. With the gel being less 
opaque at lower pH value, the “‘stable’’ albumin at 
57° showed no pH of maximum stability as meas- 
ured by light scattering. 


before increase of 20 N. U 


30 

° 


Fig. 4.—Stability of 25% albumin in 0.04 M 
sodium caprylate. 6 “Stable” albumin, 9 “un- 
stable’ albumin. Solid symbols indicate sample 
heated ten hours at 60° prior to study. 
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Days at 57° before increase of 20 N. U. 


30 
65 67 69 7.1 VS. 7.9 
pH 

Fig. 5.—Stability of 25% albumin in 0.01 M 
sodium acetyl tryptophane plus 0.04 M sodium 
caprylate. 6 “Stable’’ albumin. Solid symbols 
indicate sample heated ten hours at 60° prior to 
study. 9 “Unstable” albumin with and without 
prior heating. 


In some instances, the albumin samples which had 
been heated at 60° for ten hours required a longer 
time at 57° before showing the increase of 20 nephelo- 
metric units. This is not due to any stabilizing 
effect of the 60° heat, but is due to the fact that the 
initial nephelometric reading is usually two to five 
units higher after the 60° heat, and this initial read- 
ing is taken as the starting point for the measured 
increase of 20 nephelometric units. 

Effect of Stabilizer Mixtures.—In order to deter- 
mine the most effective practical mixture of acetyl 
tryptophane and sodium caprylate, solutions of the 
“unstable” albumin used in the preceding experi- 
ments were prepared containing different amounts 
of acetyl tryptophane and sodium caprylate. The 
solutions were all adjusted to pH 7.2, and after an 
initial nephelometric reading they were subjected 
to 57° heat. Daily readings were made, and the 
number of days required for an increase of 20 
nephelometric units are recorded in Table I. 
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TABLE I.—ALBUMIN STasBiuity AT 57° AcETYL 
TRYPTOPHANE AND SopruM CAPRYLATE STABILIZERS 


Days at 57° 
fore 


Stabilizer 
Albumin 


Molarit 
in 25% 


25 
0.08 MSC 25 
* All results are the average of two samples. AcT = 


acetyl tryptophane. sodium caprylate. N. U. = 
nephelometric units. 


Effect of Degree of Albumin Denaturation on 
Stabilization.—Experiments previously conducted 
on a variety of albumin solutions indicated that 
different preparations of albumin required different 
stabilizer mixtures for achieving optimum sta- 
bility. An attempt was made to clarify the rela- 
tionship by studying the stabilization of three 
different albumin preparations: stable albumin care- 
fully prepared by method 6 of Cohn (designated as 
160-137); unstable albumin described in the pre- 
vious experiments (designated as 262-1-1); very 
unstable albumin fractionated from ultraviolet irradi- 
ated unstabilized plasma (two preparations desig- 


oF DENATURED AND UNDENATURED ALBUMIN AT 57° AND pH 7.2 witn ACETYL 
TRYPTOPHANE AND SopIuM CAPRYLATE STABILIZERS 


Molarity of 
Stabilizer in 
Type of Albumin 25% 


“Unstable” 
“Unstable” 
“Unstable” 
“Unstable” 
“Unstable” 
“Slightly Unstable”’ 
“Slightly Unstable” 
“Slightly Unstable” 
Stable 

Stable 

Stable 


160-133 
160-139 
160-133 
160-139 
160-139 
262-1--1 
262--1-1 
262-1-1 
160-137 
160-137 
160-137 


0.02 M AcT +0 02 MSC 
0.04 MSC 


Days at 57° 


Initial Before Increase 


Albumin N. U.¢ of 20 N.U 
0.04 M AcT 
0.04 M AcT 

0.02 M AcT + 0.02 MSC 

0.02 M AcT + 0.02 MSC 
0.03 M SC 
0.04 M AcT 

0.02 M AcT + 6.02 MSC 
hy 04 MSC 


1-2 
1-2 
34 

5 
1-2 


04 M AcT 


@ All results are the average of two samples. 
tric units 


AcT = acetyl tryptophane. SC = sodium caprylate. 


N. U. = nephelome- 


October, 1951 = 
115 
| N. U.* of 20 N. U. 
None 
105 0.04 M AcT 9.5 9-10 
0.08 M act, 13 18 
0.01 M Ac 
os 0.02 MSC f 10 2 
0.01 M AcT) 8.5 25 
85 0.01 M AcT 
$ 0.04 MSC } 9 30 
0.02 M AcT 
0.02 MSC } 9 
0.02 M 26 
0.03 MSC 
0.02 M AcT 
0.04 MSC 9 20-30 
0.02 MSC ' 
0.03 M AcT\ 
0.03 MSC 8.7 
0.03 M AcT) 
i 32 
0.04 M 
oozmsc; 8 26 
0.04 M AcT) 
0.04 MSC f 9 26 
0.01 MSC 9.6 2 
0.02 MSC 9.5 14 
0.08 MSC 9.0 24-25 
| 
= 
58 
110 
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nated as 160-133 and 160-139). Many experiments 
were conducted, but only those which are strictly 
comparative and which employed a total stabilizer 
concentration in the region of 0.04 M are reported 
here. The data are summarized in Table I]. The 
greater the degree of albumin denaturation, the 
greater is the relative stabilizing effect of acetyl 
tryptophane. When albumin denaturation is held at 
a minimum, sodium caprylate alone effects better 
stabilization than does acetyl tryptophane or a mix- 
ture of the two. 


SUMMARY 


1. The results of earlier investigators con- 
cerning the high temperature stability of 25 per 
cent human serum albumin in 0.3 M sodium chlo- 
ride are confirmed: as measured by light scatter- 
ing, the greatest stability at 57° is at pH 6.7 to 
6.8; greatest stability at 50° is at pH 6.9 to 7.0. 

2. At 57°, the optimum stability of albumin 


Cellulose acetate phthalate is soluble in buffer 
solutions at PH values as low as 6. It has 
therefore found a use in the enteric coating 
field. Addition of plasticizers improves the 
water resistance of the ester. Enteric coat- 
ings of such compositions are more effective 
than when the ester alone is used. Aqueous 
solutions can be pre by treating the 
acetate phthalate with bases such as sodium 
ydroxide or triethanolamine. 


I RECENT years considerable interest has been 

shown in cellulose acetate phthalate as an 
enteric coating material. This ester and its 
salts have been disclosed in patents by Malm 
and Waring (5) and have been more fully de- 
scribed by Malm and Fordyce (4), who show 
that one carboxyl of the phthalic acid is combined 
with cellulose, and the other is free for further 
reactions. The resulting polymeric acid forms 
water-soluble alkaline salts. 


* Received May 24, 1951, from the Cellulose Acetate De- 
velopment Division, Eastman Kodak Company, Rochester, 
N. ¥ 


t The authors wish to acknowledge the comments of Dr. 
Harold Hodge of the University of Rochester School of Medi- 
cine and Dentistry, who read the manuscript. 
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stabilized with acetyl tryptophane or sodium 
caprylate is within the pH range of 7.1 to 7.3. 

3. Undenatured albumin at 57° is stabilized 
more effectively by sodium caprylate than by ace- 
tyl tryptophane or by a mixture of the two; as 
denaturation of the albumin is increased, sta- 
bilization is better effected by a mixture of sodium 
caprylate and acetyl tryptophane. 
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Its use as an enteric coating was first described 
by Hiatt (1) and further tested by Hodge (2, 3) 
who found in animal feeding experiments that 
cellulose acetate phthalate “‘seems to be re- 
markably inert as a compound of the diet’’ (2). 
There is no evidence in the laboratory and plant 
handling of this product to indicate any allergenic 
or sensitizing effects. This ester, in addition to 
being soluble in dilute alkali, is readily soluble 
in a number of common organic solvents. Addi- 
tional studies have been made to make available 
information which should lead to a better under- 
standing and a wider use of this material. 


CHARACTERISTICS OF ESTER 

Composition.—The type of cellulose acetate 
phthalate chosen for this study is one which is made 
by treating a cellulose acetate of 30-32% acetyl 
content with phthalic anhydride and a tertiary 
organic base, such as pyridine. The reaction does 
not completely esterify the available hydroxyl 
groups. The resulting product analyzes 34-38% 
combined phthalyl. The particular material used 
in this study showed a phthalyl content of 35.2% 
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and an acetyl value of 17.8%. These values indi- 
cate that an average glucose unit would contain 
approximately 0.8 phthalyl, 1.4 acetyl, and 0.8 
hydroxyl groups. 

Solubility.— Because many uses of cellulose esters 
involve solvents, considerable emphasis is placed on 
solubility in organic solvents. Table I lists solu- 
bilities of the cellulose acetate phthalate in single 
organic solvents and some mixtures. These tests 
were run by mixing 1.0 Gm. of cellulose ester with 9 
Gm. of solvent and observing after twenty-four 
hours at room temperature. Alcohols alone are not 
solvents, nor are chlorinated hydrocarbons, but 
mixtures of these are. The same is true of alcohol- 
aromatic hydrocarbon combinations. Ketones are 
quite active solvents, as are the ether-alcohols and 
the acetates of these compounds (methoxyethyl 
alcohol and methoxyethyl acetate). Cyclic ethers 
are good solvents, whereas straight chain ethers are 
poor. 

Viscosity.—The phthalate derivative shows the 
same viscosity trend as acetone-soluble cellulose 
acetates. Increasing the ester concentration in a 
solvent such as acetone causes the viscosity to in- 
crease as a logarithmic function. Data on the cellu- 
lose acetate phthalate dried to a moisture content 
of 1.3% and dissolved in acetone containing 0.22% 
moisture are shown in Fig. 1. 


VISCOSITY IN ACETONE — CENTIPOISES 


20 30 40 
% CELLULOSE ACETATE PHTHALATE 
Fig. 1.—Viscosity-concentration curve for cellulose 
acetate phthalate in acetone. 


A 15% solution of this ester in acetone has a 
honey-like consistency and is a good solution for 
test coatings. The viscosity is influenced by the 
purity of the acetone, as for example, the amount 
of water present. Of interest also is the change in 
viscosity of 15% solutions in which ethyl alcohol is 
progressively substituted for acetone. The data 
in Fig. 2, curve 1, were obtained using the previ- 
ously dried cellulose ester and acetone of low water 


Screntiric Eprrion 
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240 


Acetone —Woter 


VISCOSITY IN CENTIPOISES 


= 


4 


80 


10 
% ADDED NONSOLVENT 
Fig. 2.—Influence of solvent composition on viscos- 
ity. 


content and adding distilled water. A sample of 
special low-water acetone (0.04%) was used to make 
up the solution which showed the viscosity of 150 
c.p.s. Absolute ethyl alcohol was used as the non- 
solvent in curve 2. Water increases the solvent 
power of acetone up to a content of about 7%. 
Unfortunately, this type of solution gives dull, un- 
even coatings since the water concentrates during 
solvent evaporation and tends to precipitate the 
acetate phthalate. To obtain good coatings, only 
about 3% of water can be tolerated in the original 
solution. Ethyl alcohol gives a broader low-viscos- 
ity range, producing solutions which can be used 
to give satisfactory coatings. The 80:20 acetone:- 
ethanol mixture allows the highest solids for a given 
viscosity. Extremely high amounts of alcohol 
(70%) tend to give poor coatings. 

Plasticizer Compatibility.—The addition of plas- 
ticizers to cellulose ester films generally improves 
flexibility and, depending on the plasticizer, may 
increase water resistance. Tests were made on a 
limited series of materials which should not be 
objectionable from a toxicity standpoint. A stock 
solution was made up to contain 15% acetate 
phthalate in acetone. To 100-Gm. portions were 
added 1.5, 3.0, and 4.5 Gm. of plasticizer. Films 
were coated and dried to give tabs 0.003 in. thick 
and containing 10, 20, and 30% added plasticizer. 
Compatibility was recorded after an aging period to 
note the occurrence of blushing or other forms of 
plasticizer separation. The results are shown in 
Table II. 

Compatibilities with Other Cellulose Esters.— 
Attempts are sometimes made to secure special 
effects by blending different cellulose esters. Tests 
were made to measure the compatibilities of the 
acetate phthalate ester by mixing it in acetone 
solution with 10, 50, and 90% of the test ester. 
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TasLe or A TyprcaL CELLULOSE ACETATE PHTHALATE" 


Methyl alcohol Diethyl ether 
Ethyl alcohol Diisopropyl ether 
Propy] alcohol - Dioxane 
Isopropyl! alcohol Ethylene formal + 
8-Methoxyethyl alcohol + Benzene 
8-Ethoxyethyl alcohol + Benzene : methanol 2:1 = 
8-Butoxyethyl] alcohol Benzene: methanol 1: 1 + 
. Diacetone alcohol + Toluene - 
Acetone + Toluene: methanol 2:1 
Ethyl methyl ketone + Toluene: methanol 1:1 
Cyclohexanone +h Cyclohexane 
Methanol:acetone 1:1 + Methylene dichloride 
Methanol: acetone 2:1 + Ethylene dichloride 
‘| Methanol:acetone 3:1 + Ethylene dichloride: methanol 4:1 + 
Ethanol:acetone 1:1 + Propylene dichloride 
Methyl acetate + Propylene dichloride: methanol 4:1 + 
Ethyl acetate - 
Ethyl lactate + 
Ethylene glycol monoacetate + 
Methoxyethy! acetate + 
Ethoxyethyl acetate + 
i ' Solubility code + = soluble, — = insoluble, hh = hazy 


These solutions were coated on glass plates to thin 
films, the solvent evaporated, and the dried films 
allowed to age for ten days under room temperature 
conditions. Cellulose acetates of 38 and 40% com- 
bined acetyl are found to be compatible at 10 and 
50% levels but incompatible (opaque) at 90%. 
Mixed cellulose esters, such as cellulose acetate 
butyrate, ranging in butyryl from 16 to 40%, are 
not compatible even at a 10% level. This is not 
unusual, since cellulose esters of different kinds and 
degrees of substitution generally show quite limited 
compatibility with one another. 


EXPERIMENTAL 


For testing new batches of cellulose acetate phthal- 
ate for enteric coatings it is desirable to coat small 
samples of tablets to note the smoothness of coat- 
ing and the efficiency of coverage. For this purpose 
the following procedure is used. 

A one-liter metal beaker is charged with about 
400 commercial 10-grain salt (sodium chloride) 
tablets. (For convenience, 270 Gm. of tablets are 
used.) The beaker is tilted at a 45° angle and ro- 
tated to simulate the action of a commercial coating 
pan. A gentle blast of air is used to remove salt 
dust. This is important since otherwise this dust 


Tasie COMPATIBILITY IN COATED 
FILMs 
Compati- 
bility 
Plasticizer Limit, “> 
Dimethyl! phthalate 30" 
Diethyl phthalate 30" 
Ethyl phthalyl ethyl glycollate 
(Santicizer E15) 30° 
Butyl phthalyl butyl glycollate 
(Santicizer B16) 10 
Triacetin 30° 
Tripropionin 30° 
Dibutyl tartrate 30° 
Tributyl citrate 10 


« Highest level tested 


may get into the coating and act as a source of pin- 
holes. All coating operations are done at room 
temperature. 

A solution (15%) of standard cellulose ace- 
tate phthalate is made up in acetone. In general it 
is desirable that the water content of the acetone be 
no higher than 0.5%, since water in the solvent tends 
to induce blushing or opacity in the coating. A 
good grade of commercial acetone is usually of suf- 
ficiently high purity. Lower solid contents may be 
used in the coating solution, though it is desirable 
to apply the coating as rapidly as possible. 

For test purposes three different coating levels 
are tried. Tablet samples are taken after the addi- 
tion of 24, 48, and 96 cc. of solution to the 400 tab- 
lets. The first 24 cc. is added in six equal quanti- 
ties. After the first 4-cc. addition is made, the 
tablets are tumbled to secure an even distribution 
of the solution. An air blast is then used to flash 
off the solvent. When the tablets are apparently 
dry and free tumbling, the air is shut off and the 
next addition is made. The addition, tumbling, 
and drying require about two to three minutes so 
that the 24-cc. level coating can be applied in about 
twenty minutes. 

(In large tumbling pans it may be necessary to 
aid tumbling by manual stirring since the wet tablets 
may bunch and tend to “gallop.” In a short time 
the tablets are uniformly wet and _ tumbling 
smoothly. Thereafter an air current speeds the 
drying without tablet sticking. The use of the air 
blast at the same time that the solution is being 
added may cause the phthalate to dry in local con- 
centrations and cause clumping. ) 

After 24 cc. has been added, the tablets have a 
smooth, glossy appearance but generally show pin- 
holes in the subsequent acid test solution. This 
level would, however, be useful for retaining medic- 
aments of a low degree of water solubility. The 48- 
ce. and 96-cc. levels are built up as already described, 
except that somewhat smaller additions may be re- 
quired (2-3 cc.) to prevent tackiness and sticking. 
The time between additions need not be shortened. 
The higher levels of application increase the water 
resistance of the coating. 
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For laboratory use a small amount of dye (0.2 
Gm. of crystal violet per 100 Gm. of solution) may 
be used to observe coating efficiency. An even, 
shiny, purple coverage indicates proper application. 

Effect of Plasticizer in Coating.—Salt tablets 
coated with the acetate phthalate plasticized with 
three of the plasticizers mentioned above were 
tested at a 48-cc. coating level. Ten tablets with 
each test coating were immersed in 0.25% HCI solu- 
tion at 98° F. and held for three hours. At the end 
of this time, the tablets without obvious flaws were 
wiped dry and weighed. (In these small-scale 
coatings, tablets frequently have flaws which would 
not occur in commercial coating pans. Accordingly, 
gain and loss figures are taken only on tablets which 
apparently have a continuous coating.) These were 
then oven-dried and weighed to measure salt loss. 
The results are shown in Table III. 


OF DIFFERENT PLASTI- 
CIZERS 


Acetate 


Plasticizer Phthalate 


Dibutyl tartrate 


Diethyl phthalate 


wm bon 


Tripropionin 


None 


These results point to the usefulness of diethy! 
phthalate in cellulose acetate phthalate coatings to 
lower the extraction losses of tablets. An additional 
run was made to compare the coating efficiency of a 
plasticized and unplasticized solution. One solu- 
tion contained 45 Gm. of acetate phthalate in 255 
Gm. of acetone (15% solids), while the second solu- 
tion contained 36 Gm. of acetate phthalate and 9 
Gm. of diethyl phthalate in the solvent. The latter 
solution contains 15% nonvolatiles, the plasticizer 
being at a 20% level based on the finished coating. 
Each solution was used to coat 500 ten-grain salt 
tablets, the coating levels being 10, 20, 40, 60, and 
100 ce 25-tablet sample was taken at each coat- 


TasLe I\V.—-INFLUENCE OF DietHyL PHTHALATE 


Ce. of 
Coating 
Solution 
No plasticizer 0 
10 


Wt. of 
20 Test 
Tablets 


With plasticizer 


Screntiric Epition 
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ing level, the sample well dried, and 20 tablets 
selected for a six-hour soaking in 0.25% HCl. The 
tablets were weighed and compared in weight to an 
average value of 13.70 Gm. for 20 uncoated tab- 
lets. The soaked tablets were examined to select 
those without obvious flaws and these were weighed 
and then well dried and reweighed. Table IV shows 
the gain and loss data. 

At the lower coating levels the solution is appar- 
ently not very well distributed. Weighings taken 
on the “with plasticizer’ tablets actually showed 
values less than the original tablet weight. This 
might be explained by loss in weight due to grinding 
off of the salt during tumbling. In these experi- 
mental ceatings a considerable amount of the coat- 
ing solids ends up on the sides of the beaker. 

It is apparent that with a rather small increase in 
weight, the tablets are made quite impervious to 
dilute acid and that diethyl phthalate helps to re- 
duce salt loss. 

Tablets coated to the 100-cc. level with plasticized 
and unplasticized acetate phthalate were tested for 
solubility in 1.5% sodium bicarbonate (pH of 8.6) 
and in mixtures of 1% Na;PO,-H;PO, solutions 
with pH values of 6.8 and 7.5. Tablets in bicar- 
bonate and in the 7.5 pH phosphate solution at 
98° F. disintegrated in one-half to one hour. The 
phosphate solution at 6.8 pH was slower in action, 
requiring one to two hours for disintegration. The 
presence of the plasticizer apparently had no effect 
on the rate of solution of the coating. 

Solubility and pH.—The solubilities and com- 
patibilities so far have related to organic solvent 
systems and have little bearing on the specific prop- 
erties arising from the free carboxyl group of the 
combined phthalic acid. In order that the material 
function as an enteric coating, the acetate phthalate 
must at least swell in the intestinal fluids so that it 
can be subsequently broken up. Softening or even 
complete dissolving of the phthalate does not call 
for high pH solutions but only for solutions which 
will contribute ions to the phthalate carboxyl and 
enhance the solubility of the phthalate in water. 

Two buffer systems were tried: phosphoric acid- 
trisodium phosphate and citric acid-potassium cit- 
rate. For the phosphate system, 1% solutions of 
each reagent were made in distilled water. These 
were then mixed to make 100-cc. quantities of solu- 
tion, the pH was measured and then 0.02 Gm. of 
powdered acetate phthalate was added and solu- 


% of Original Weight 


Coating 
Weight 


% of 
Tablet Wt. 


“Good” 
Tablets 
after 
6 Hr. 


‘3 


| 
Added 
to Q% Gain % Loss 
| After After 
Sooking Drying 
10 09 5 
20 24 2.1 
30 1 
10 2 
20 1 
30 
10 1 
20 2 
30 - 2. 
- 
{ 
— 
6 Hr 4 
in HCl Dried 
13.70 
13.80 | 0 
20 13.86 1.2 0 
si 40 13.90 1.5 5 
60 14.12 3.0 17 96 92 : 
100 14.40 5.0 15 97 4 , 
10 13.54 0 
20 13.62 0 
40 13.70 0 
60 13.90 1.5 16 100 97 
100 14.22 3.7 20 101 9 
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bility noted at 98° F. Tests were made on these 
small samples so that the pH of the solution would 
not change. The solubilities reported in Table V 
were noted after one and four hours. 

Similar work on 1% citrate solutions showed solu- 
bility down to a pH of 5.9. 


Taste IN PHOSPHATE BUFFERS 


Ce Ce 
1% 1% —Solubility Final 
NasPO. pH 4Hr pH 
45 55 4.9 - - 
46 of 5.2 - 
47 53 5.5 
48 52 5.8 - + 5.7 
49 51 5.9 - + 5.8 
50 DD 6.0 + 5.9 
60 40 6 + 7 


Water-Soluble Phthalate Salts.—Since cellulose 
acetate phthalate is effective as an enteric material 
because it dissolves as a water-soluble salt, it is of 
interest to study the properties of these salts. The 
sodium salt of the cellulose acetate phthalate may 
be prepared by suspending the cellulose ester in 
distilled water and adding dilute alkali. Weakly 
alkaline solutions dissolve the phthalate without 
danger of saponification. When sodium bicarbon- 
ate is used, troublesome foaming occurs as the CO, 
is released. This foaming increases as the viscosity 
of the solution increases. The aqueous sodium salt 
solution may be used as such, or the salt may be iso- 
lated by pouring the solution into excess acetone. 
The recovered salt is a white powder readily soluble 
in water. 

Typical salt solutions may be prepared as follows: 
A 100-Gm. sample of cellulose acetate phthalate 
is slurried in 500 cc. of distilled water. The alkaline 
agent (9.4 Gm. of sodium hydroxide or 19.8 Gm. of 
sodium bicarbonate dissolved in 200 cc. of water) 
is slowly dropped in with stirring. About two hours 
should be allowed for the addition to prevent ester 
saponification by the hydroxide. A few drops of 
capryl alcohol will reduce the foaming in the bicar- 
bonate reaction. 

Solutions prepared as above were adjusted to a 
pH of 7 by use of additional base. The acetate 
phthalate was recovered after three days’ standing 
by pouring the solutions into dilute hydrochloric 
acid to decompose the salt and washing in changes 
of distilled water to purify the material. Data in 
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Table VI show these reagents are satisfactory for 
preparing the sodium salt. 

Salts of organic bases may also be prepared. An 
aqueous solution of the triethanolamine salt may 
be made by adding the calculated quantity of base 
in the manner as described above. The salt may 
also be made in the following manner: 100 Gm. of 
the cellulose ester is dissolved in 1,800 cc. of acetone. 


Tas_e VI.—Soprum SaLt PREPARATION 


-—Reagent Used-——— 


NaOH NaHCO: 
pH at end of addition 5.4 5.6 
Adjusted pH 7.0 7.0 
After 3 days 6.3 7.0 
Phthalyl analysis on recov- 
ered ester 34.8% 34.1% 


A solution of 40 Gm. of triethanolamine in 80 cc. of 
acetone is stirred in. The salt precipitates as it is 
formed. Vigorous stirring gives a fine powder of the 
water-soluble salt. The yield is 130 Gm. 

Use of the Sodium Salt.—The water-soluble salts 
may be used as enteric starting materials by mixing 
their aqueous solutions with medicaments to form a 
dough-like mass. This composition may be con- 
verted to pills or tablets and then dried. Water or 
dilute alkaline solutions cause rapid disintegration 
of the tablet, whereas dilute acid converts the salt 
back to the free acid. In this form the medicament 
composition is resistant to attack until the acetate 
phthalate is again converted to a soluble salt in the 
intestine. 

Stability of Salt Solutions.—The aqueous salt 
solutions of gellulose acetate phthalate are fairly 
clear and viscous, the viscosity at a given concentra- 
tion being influenced by the phthalyl content of the 
ester as well as by the degree of neutralization. Ex- 
periments were carried out to determine the sta- 
bility of solutions prepared at different levels of 
neutralization. Fifty-gram samples of the cellulose 
ester were suspended in 250 cc. of distilled water, 8 
cc. of n-butanol was added to reduce foaming, and 
the neutralizing agent stirred in. The amount used 
was calculated from the value of combined phthalyl 
(35.2%). About one day was required to get good 
solutions, whereupon the “original” pH was meas- 
ured. The acidity was followed over a period of 
sixty-four days with samples being recovered for 
analysis at thirty-two and sixty-four days. These 
samples were obtained by slowly stirring the salt 


-_---~- pH Values of Soluti Phthaly! Values 
Neutralization Orig.* 2 Days 16 Days 32 Days 64 Days 32 Days 64 Days 
Pptd. sodium? salt 7.2 6.9 5.9 5.5 5.2 30.5 26.9 
80% NaHCO, 5.2 5.2 5.0 4.5 4.7 24.8 23.5 
100% NaHCo, 7.0 y gh 6.7 6.0 5.6 32.1 28.2 
120% NaHCo, 8.0 7.0 6.8 6.3 33.0 30.9 
TEA‘ salt 5.2 5.2 4.9 4.4 4.6 25.8 22.4 
80% TEA 4.9 4.9 4.7 44 4.3 25.8 21.1 
100% TEA 6.0 5.5 5.3 4.8 4.9 28.9 25.2 
120% TEA 7.3 2. 6.2 5.4 5.3 31.8 29.7 
150% TEA 7.6 7.6 6.5 5.6 5.5 31.8 29.7 


* About twenty-four hours were required to get a good solution 
+ 1 and 2 neutral salts precipitated, washed, dried, then redissolved in water, 
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solution into dilute HCl. The precipitate was then 
thoroughly washed in distilled water. The solutions 
on standing increased in viscosity and by measure- 
ment became more acid and lost phthalyl. It will 
be noted in Table VII that the overneutralized 
solutions maintained the highest level of phthalyl. 
These solutions remained the most fluid throughout 
the test. Apparently the excess of mild alkali is 
less of a saponifying agent than the unneutralized 
carboxyl groups of the combined phthalic acid. 

Compatibility of the Sodium Salt.—A stock solu- 
tion was prepared by dissolving 10 parts of the dried 
sodium salt in 60 parts of distilled water. Solutions 
were prepared of other water-soluble polymers and 
these solutions were added to the stock phthalate 
salt to give 9:1, 1:1, and 1:9 mixtures. In most 
cases extra water was needed to make the solutions 
fluid enough to coat. Compatibility was measured 
by spreading the solutions in thin layers on a glass 
plate, allowing the solvent to evaporate, and ob- 
serving the appearance of the dried film. Films 
showing no separation of the components were 
rated as compatible (C). Those showing cloudi- 
ness, grain, or phase separation were rated as in- 
compatible (1) (Table VIII). 


TasLe WITH WATER-SOLU- 
BLE POLYMERS 


Ratio of Sodium Salt to 
-——Test Material—. 
Test Material 9:1 1:1 
“Carbowax” No. 4000 I 
Gelatin Cc 
Methocel (medium viscosity ) I 
Polyvinyl] alcohol (low viscos- 
ity) 
Sodium cellulose sulfate 
Water-soluble starch 


Tolerance for Other lons..—Aqueous solutions of 
the phthalate sodium salt when treated with a high 
concentration of other ions will generally give a 
precipitate which is the salt of the added ion. Even 
the sodium salt is “salted out" by high concentra- 
tions of soluble sodium salts such as sodium chloride, 
nitrate, or acetate. 

If relatively low concentrations of other ions are 
added, their solubility effect can best be measured 
by change in viscosity of the solution. Tests were 
made wherein 100-cc. portions of a neutral 10% 
solution of cellulose acetate sodium phthalate were 
treated with 1, 5, and 10% solutions of various 
acetate salts. The acetate salts were chosen so that 
the phthalyl carboxyl would have a chance to cap- 
ture the added ion. The treated solutions were 
timed for drainage from a simple pipette of about 
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VISCOSITY IN SECONDS 


wes 


A. 
40 60 80 100 
CC. OF ADDED SALT SOLUTION 
Fig. 3.—Effect of different ions on viscosity of 
aqueous solutions. 


35-cc. capacity and with a 4-mm. opening at the 
drainage end. 

In some cases the added salt, even at 1%, locally 
precipitates the cellulose ester and does not allow a 
measurement of change in viscosity. This is true 
of salts of lead, copper, and mercury. Other salts 
may be added, and a slow viscosity increase is 
noted. After a time the salt may precipitate or the 
solution may gel. Figure 3 shows the viscosity in- 
crease caused by certain salts at different concentra- 
tions compared with the effect of adding the same 
amounts of distilled water. These curves indicate 
the possibility of “bodying’’ aqueous solutions by 
careful addition of the proper ions. Aluminum ace- 
tate appears to be the best thickening agent. Cal- 
cium and barium form a precipitate after a limited 
viscosity increase. 
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Pressor Drugs. II. 


A solution of U. S. P. reference standard 
pared and packaged under identical con 


By JAMES C. MUNCH,} AARON B. SLOANE, and ALBERT R. LATVEN 


Rate of Loss in Pressor Potency 
of Solutions of Epinephrine and Its Analogs During 
Storage”? 


~ and of an analog were pre- 
1 


tions. The original pressor potency 


was determined on dogs by the U.S. P. method. Reassays of opened and unopened 
packages were made following storage of these solutions under refrigeration, at room 
temperature in the light and in the dark, and under incubation at 37° and at 52° for 
a period of more than two years. No relation was found between the rate of de- 
velopment of color and any changes in pressor potency. Slight losses — 


under any condition of storage, after which a plateau of potency was reached. 


EPINEPHRINE SOLUTIONS at 
strengths of 1:1,000 or 1:100 have been in 
use for a number of years, both by injection and 
by inhalation. Any manufacturer of such a solu- 
tion has learned to his sorrow that there are 
numerous factors that tend to cause loss in ac- 
tivity, as measured by the U. S. P. pressor 
method against standard /-epinephrine made 
available for this purpose (16, 22). The addi- 
tion of preservatives such as sodium bisulfite, 
chlorobutanol, or ascorbic acid, or replacement 
of air in the filled containers by CO, has been 
widely used as a possible means of protection 
(1-5, 9-11, 13-15, 18-21, 23, 26). 

Our investigations of an analog of epinephrine, 
“Vaponefrin,’’ indicated that its pressor potency 
was two-thirds that of l-epinephrine base. Other 
characteristics indicated differences in pharma- 
codynamic behavior which led to an extensive 
investigation (17). No changes in potency were 
observed in the Vaponefrin solutions over periods 
of five months, whereas U. S. P. standard /-epi- 
nephrine in the same menstruum and stored under 
identical conditions showed losses up to one-half 
of the original activity during a period of two to 
four weeks. This report contains additional data 
on the deterioration of Vaponefrin solutions. 

A survey of the literature indicates great con- 
fusion regarding the quantitative loss in potency 
of commercial epinephrine solutions. Some 
authors have found no deterioration over a per- 
iod of one year or longer, whereas others have 
reported significant losses in a comparatively 
short time. Unfortunately data in the literature 
often failed to indicate the type of menstruum 


* Received August 11, 1948, from the Munch Research 
Laboratories, Inc. Upper Darby, Pa 

t Presented to the Scientific Section, A. Pu. A., San Fran- 
cisco meeting, August, 1948 

¢ Present address: Strong, Cobb and Co., Inc., Cleveland, 
Ohio 
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used, the preservative, and the age of the solu- 
tions at the time of tests. The U.S. P. (22) re- 
quires that epinephrine standard powder be dis- 
solved in 0.1 N HCl, diluted to 1:1,000, and pre- 
served in a tightly stoppered hard-glass container, 
stored under refrigeration and protected from 
hght. This solution must not be used if it shows 
any change in color, or if it has been prepared 
more than six months. Under these conditions 
we have not found any detectable loss in pressor 
potency of U. S. P. standard epinephrine solu- 
tions; in fact many lots have not shown loss in 
pressor potency in storage under these condi- 
tions for periods of two years. The literature re- 
ports regarding commercial preparations and 
their rates of deterioration have been consoli- 
dated in Table I (6-8, 12, 24, 25). 


EXPERIMENTAL 


A single lot of Vaponefrin No. 81839 was prepared 
and packaged under commercial conditions in one- 
half oz. amber bottles, sealed with rubber stoppers. 
Chlorobutanol was present as a preservative and 
an antioxidant, in a concentration of 0.5%. De- 
terminations of pH of different bottles of this lot 
showed a value of 4.00 by the Beckman glass-elec- 
trode method. On October 11, 1939, a group of 
these unopened bottles was stored under various 
conditions. At the same time a solution of U.S.P. 
reference standard epinephrine in the same men- 
struum, poured into similar bottles under similar 
conditions, was stored with the Vaponefrin solutions. 
Storage conditions ranged from an electric refriger- 
ator at 5° to incubation at 55°. At various periods 
of time, bottles of the reference standard and of 
Vaponefrin were withdrawn from storage and im- 
mediately assayed against freshly prepared U. S. P. 
reference standard /-epinephrine solutions by the 
U. S. P. pressor method. A smaller number of 
bottles of the U. S. P. reference standard solution 
was prepared, and therefore we were not able to ex- 
tend studies on its deterioration over as long a period 
as we have for Vaponefrin. The results on the stand- 
ard are reported in the discussions, but are not in- 
cluded in the tabulations. 
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TABLE I.—REPORTED DETERIORATION OF EPINEPHRINE SOLUTIONS 1: 1,000 


Preservatives Used 


C 


Storage Conditions 


Amb. bottles, dark, 
10-25° 


Full 


plain 
paraffin 
Lab. shelf 


68 
1 


60-Cc. bottles 
21 ° 


37° 
2-Cc. ampuls, 21° 
auto 
37° 


Zr toto 


8 


Tartrate 


hloro- 
Full butanol Na:sSO: 


HCl 


| 


A. A series of samples of Vaponefrin and of 
standard epinephrine solutions was stored in sealed 
bottles in an electric refrigerator at a temperature 
of approximately 5°. From time to time a bottle 
was removed for bioassay; in some instances 
these opened bottles were discarded, and in other 
cases they were restoppered, labeled with the date 
of opening, and returned for further storage. 
Changes in potencies were determined, giving the 
data recorded in Table II. Those instances in 
which previously opened, bottles were reassayed 
are indicated in the table. 

There was no significant change in color in the 
material stored in the refrigerator. There was no 
loss in pressor potency of the U. S. P. reference 
standard solution over a period of five months; 
later assays were not made. 

It may be noted that there was no change in po- 
tency over a period of three months. There was an 


apparent increase in potency of 8% in the sample 
assayed in the eighth month, which was confirmed 
by a reassay on the same bottle a month later. 
This was not a common occurrence, although dif- 
ferent lots of material packaged in bottles of the 
same group may often show differences in absolute 
potency; this may be due to some difference in 
treatment of the bottle or to some other peculiar 
factor. Furthermore, tolerances in themselves may 
account for some of these differences, the U. S. P. 
having recognized a variation of 5% in either di- 
rection as permissible. An additional assay at the 
end of fifteen months’ storage agreed with the re- 
sults at the end of eight and nine months, as indi- 
cating that there was no change in potency in this 
bottle during the period between the eighth and 
fifteenth month. This is to be noted in connection 
with an assay on a different bottle in the thirteenth 
month, which showed a loss of 8%. This was not 


TABLE I1.—-DETERIORATION OF VAPONEFRIN SOLUTION No. 81839 


Pressor Potency 


Conditions of Storage, 10/12/39 
B c D 


Refrig Unopened 


Opened 
Frequently, 


Dark, Room Temp., Room Temp., Room Temp., 
5° Dark Sunligh Sunligh 


0 


« Bottle reopened. 
+ Cain in potency recorded 
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Tartrate 
Ref Mo Full Pull 
9 7 ll 
12 12 21 
15 18 
21 25 
27 38 
32 45 
20 26 15 
15 4% 5 
15 20 9 
| 
Solution, Dark, Dark, ; 
Mo 37° 55° 7 
0 0 | 0 0 0 0 
1 0 aa 0 0 iq 
3 = 0 0 
13 4° 16° 0 
29 16° Me 
40 7 24¢ 12 22 
104 16 
25° 
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significantly altered by further storage and reassay 
at the end of a forty-month period. It would appear 
that changes in color and losses in pressor potency of 
Vaponefrin would be negligible, following storage in 
a refrigerator in the dark for periods up to forty 
months. 

B. A group of bottles were placed in a cardboard 
carton, and stored in a laboratory locker in the 
dark. The room temperature varied from 20 to 
33°. Under these conditions the standard epi- 
nephrine solution began to develop some color change 
in two to four weeks without showing a significant 
change in the pressor potency. The Vaponefrin 
solution showed no change in potency over three 
months; after twenty-five months there was a slight 
trend for increased potency in a previously un- 
opened bottle, which fell within the usual tolerance 
for bioassays and was not believed to be significant 
The opened bottle reassayed after forty months 
showed a slight color and precipitate but the loss 
in potency was only 7°), or substantially the same 
as that shown by the companion bottle in the re 
frigerator. Other commercial lots of Vaponefrin 
have been assayed and reassayed under these con- 
ditions of storage at room temperature, with the 
results set forth in Table III 


IIl.—-Per Cent Loss tn Presson POTENCY 
OF VAPONEFRIN SoivuTions BortT.es) 


Interval 
Between Loss in 
Sample Assay Potency 
No Mo 
6H 24 8 
5F 26 0 
5C 27 4 
4B 27 2 
4Al 34 27 
4A9 34 20 
Unopened Controls 
39 3 0 
39 25 +4 
4Al 34 9 
4A9 34 0 
4A9 40 7 


C. Bottles of both types of solutions were stored 
on a laboratory shelf, receiving direct sunlight sev- 
eral hours daily, at room temperature. The stand- 
ard epinephrine solution showed no significant loss 
in potency over a period of a month, but did develop 
very marked color changes and some precipitation 
leading to the discard of these standard solutions of 
epinephrine. The Vaponefrin solution showed no 
significant changes in color over the first year, then 
developed a light pinkish-brown color and very 
slight sediment which was somewhat more marked 
after forty months. As far as the potency is con- 
cerned there was no change over the first three 
months. A previously opened bottle showed a loss 
of 16°) in the eighth month, but another previ- 
ously opened bottle showed only 4% loss in thirteen 
months. Still another unopened bottle in fifteen 
months showed a nonsignificant increase in pressor 
potency. Reassay of the material after forty 
months showed a loss of 12°), pressor potency which 
is somewhat greater than that change observed 
after approximately one year 
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From these findings it would seem that storage of 
epinephrine or Vapenefrin solution in amber bottles 
will not protect them from eventual losses in po- 
tency, or from discoloration. The loss in the po- 
tency of the Vaponefrin stored in the sunlight was 
about twice as much as the loss in solutions stored 
in the dark at essentially the same temperature. 

D. In this portion of the investigation several 
bottles were placed on a laboratory desk receiving 
direct sunlight daily. The stopper was removed 
from each bottle for a period of one minute daily, 
five days per week for three months, then once 
weekly for a total period of a year, after which they 
were opened at less frequent intervals. The stand- 
ard epinephrine solution showed marked losses in 
potency and definite discoloration within a period 
of a week or less; so they were discarded. Some- 
what to our surprise there was no loss in potency and 
no significant change in color in the Vaponefrin 
solution over a period of three months. By the 
eighth and ninth month different bottles showed 
different degrees of discoloration and of loss in po- 
tency. The decrease in potency was about 16° in 
repeated assays over periods of twenty-nine months’ 
storage, and showed 24°) after forty months’ stor- 
age. The latter solution was very dark but had lost 
relatively less potency than we had expected. 

E. A group of bottles was placed in an electric 
incubator maintained at a temperature of 37°. 
Samples were withdrawn from time to time for 
bioassay. The epinephrine showed no changes in 
color or potency in one week, but developed discol- 
oration within two to four weeks and marked losses 
in potency which led to its being discarded. The 
Vaponefrin showed no change in potency over a 
period of three months; a bottle which showed a 
somewhat higher value at the eighth month showed 
no change during an additional month of storage. 
One bottle of this lot was frequently reassayed; it 
showed no loss in potency after one week, one month, 
two months, or thirteen months, nor was there any 
change in appearance. When opened for the fifteen- 
month assay there was some darkening in color 
and some precipitate was noted. When opened 
for reassay after one hundred and four months’ 
continuous storage at 37°, there was a heavy sludge 
adhering to the walls of the bottle and the solution 
was dark in color. The potency assays showed a 
loss of only 25° for this bottle. Ancther bottle of 
the same lot which had never been opened showed 
somewhat less discoloration and very little precipi- 
tation. When a portion of its contents were re- 
moved by means of a sterile hypodermic needle, a 
loss in pressor potency was observed of only 16%, 
after one hundred and four months of continuous 
incubation at 37°. This experiment has changed 
our opinions regarding relationship between storage 
temperature and loss of pressor potency of Vapone- 
frin or epinephrine solutions; therefore these two 
bottles are being held in continuous incubation at 
37° for subsequent reassays after five to ten years 
of additional storage. 

F. A further group of bottles of this same lot 
was stored in an incubator in the dark at 55°, and 
samples withdrawn from time to time for bioassay. 
There was no loss in potency and no change in color 
in the standard epinephrine over a period of one 
week, but marked changes in color and losses of 
more than half of the potency developed in one 
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month, leading to the discarding of the epinephrine 
material. The Vaponefrin solutions showed no 
changes in color over a storage period of fifteen 
months, but marked color and sediment developed 
during further storage to forty months, in previ- 
ously unopened bottles. The total loss of potency 
was 22% in forty months, which was about the same 
as that nated in the bottles opened frequently and 
stored in the sunlight at room temperature (D). 
This condition was chosen as representing an ex- 
treme of storage, and suggests that no significant 
changes may be expected in Vaponefrin solution dur- 
ing a period of a year. 

The changes in potency during storage of a single 
lot of Vaponefrin are shown in Table II. Light ap- 
pears to be a greater factor than temperature in 
connection with loss in pressor potency. 

A series of Vaponefrin solutions were submitted 
from time to time in the same type of amber bottles, 
with rubber stoppers or with Bakelite screw tops. 
These samples have been reassayed after storage at 
room temperature in the dark for varying lengths 
of time between twenty-four months and thirty- 
four months to determine the rate of change in their 
potency. The reassays on bottles which had been 
opened are reported in the upper part of Table III, 
and the assays on the unopened duplicate bottles 
are reported in the second portion of Table III. 
It may be noted that the losses in pressor potency 
over a period of twenty-four to twenty-seven 
months were negligible, but that significant losses 
developed thirty-four months after the original 
opening. With the unopened controls the differ- 
ences in potency were negligible over an interval up 
to forty months. 


CONCLUSIONS 


1. Under identical conditions of storage Vapo- 
nefrin was more stable than U. S. P. reference 
standard epinephrine solution. 

2. There was no relationship between changes 
in color and changes in potency of solutions of 
standard epinephrine. 

3. Solutions of aegis proved more stable 


than solutions of U. S. P. standard epinephrine 
stored similarly and simultaneously. 

4. Losses in potency of Vaponefrin solutions 
in the refrigerator or at room temperature in the 
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dark were insignificant over periods up to three 
years. 

5. When stored in sunlight, losses in potency 
developed more rapidly; opening bottles further 
increased the rate of deterioration. 

6. Storage in incubators at elevated temper- 
atures showed greater rates of loss than at lower 
temperatures. 

7. Continuous incubation at 37° of Vaponefrin 
solution for a period of nine years caused losses 
of not more than one-fourth of the original po- 
tency. 

8. As far as pressor potency is concerned 
there is no evidence of serious loss in activity in 
storage up to nine years; these studies are being 
extended. 
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First Annual Financial Statement, Covering the Period from May 1, 1950, 
to December 31, 1950°, and Based upon the Report of the Auditor 


STATEMENT OF INCOME AND EXPENSE (GENERAL FUND) 


INCOME 
Sale of Pharmacopeeias: 
Add: Increasing i in Accounts Receivable: 
December 31, 1950........... 


.69 
April 30, 1950.. 708.96 54,980.73 $ 267,889.00 


Sale of Reference Standards, A. M. A. Articles, etc. 
Less: Decrease in Accounts Receivable: 

April 30, 1950...... 3 1,668.00 
December 31, 1950. 


Wrote Off Cancelled Invoices Applicable to 
1948... 


3 10, 472 80 


Add: Increase in Collections Pending Re- 
mittance to Treasurer: 

December 31, 1950 $ 967.98 

April 30, 1950 859.25 


108.73 


Less: of Prior Year's Collec- 
; 32 108.41 10,581.21 


Interest on Investments: 


' ; Less: Decrease in Accrued Interest Receiv- 

j able: 

4 December 31, 1950. 537.47 

$ 1,550.04 

4 Add: Amount Accrued to Remington Re- 

: search Fund at Year Ended April 30, 


1950. ... 62.50 1,612.54 


$ 4, 299 96 


Less: Amortization of Bond Premium.. 37.18 4,262.78 
Profit on Sale of Fixed Assets—Net....... 1,095.64 
Use of Text by Others 1,545.00 
Miscellaneous 459.15 


Tora. INCOME... $285,832.78 


Less—EXPENSE: 
Revision $ 66,854.70 
Less: Increase in Inventory: 
December 31, 1950 $18,944 91 
April 30, 1950... .. 11,619.42 7,325.49 $ 59,529.21 


Administration. . . . 4,311.31 
Publication and Sales Expense. . on ; $106,774.31 
Less: Increase in Inventory: 
| December 31, 1950. $52,794.70 
April 30, 1950....... 16,127.55 36 , 667.15 70,107.16 


Convention. .... 3,205.92 

. Add: New York Office De pre ciation Expense: 

Building $ 1,571.63 


Furniture and Equipment 


3,314.85 


* The fiscal year will begin on January | hereafter 
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Excess or INCOME OVER EXPENSE 
For the Period from May 1, 1950, to December 31, 1950—-Exhibit A................... $138,691.90 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 


Casu on Deposit, April 30, 1950... . $ 27,034.02 
App—RECcEIPTsS: 

Sale of Pharmacopeeias. . $212 ,908 . 27 

Sale of Reference Standards, A.M. A. Articles, ete... 

Interest on Investments. . 

Use of Text by Others. . 

Sale of Philadelphia Land and Building. 

Repayment from Building Fund 

Transferred from Remington Research Fund..... 

Miscellaneous. .... 


Less— DISBURSEMENTS: 
Adminis- Publica- 
Revision tration tions 

Printing and 

Binding. . $106,774.31 
Salaries and 

Honoraria $40,845.63 $2,113.06 
Meetings. .. 9,145.42 779.24 
Supplies. . . 1,180.51 
Postage and 

Telegrams 1,179.98 
Utilities. ... 
Temes. .... 
Insurance . 
General. . 14,503.16 1,219.88 
Furnishings 

and Equip- 


$4,311.31 $106,774.31 $3,205.92 $9,100.71 


Casu on Deposit, December 31, 1950... 97, 012.78 


A MORE DETAILED AND SUPPLEMENTARY STATEMENT OF THE REVISION EXPENSES 


REVISION SALARIES AND HONORARIA 
Honoraria...... 17, 025 00° $40 63 
REVISION MEETINGS 
Revision Committee. . $ 7,307.97 
Committees, Boards, Conferences 1,837.45 $ 9,145.42 


REVISION GENERAL 
Extending Information Booklets, etc.. 
Retirement. . 
Research. . 
Air Travel Card Deposit. 
Miscellaneous..... $14,503.16 


* For preparation of U. S. P. XIV—Distributed to the following: 


Walter A. Bastedo M. S. Dooley Robert W. Heinle George W. McCoy Hugo H. Schaefer 
George D. Beal Carl A. Dragstedt Thomas J. Hill Ww. L. Mendenhall George C. Schicks 
Francis E. Bibbins John J. Dugan M. L. Jacobs Lloyd C. Miller Austin Smith 
L. D. Bracken Cary Eggleston Glenn L. Jenkins Hugh C. Muldoon Isaac Starr 
Charles L. Brown Robert P. Fischelis Frederick F. Johnson E. L. Newcomb Frank O. Taylor 
Joseph B. Burt P. A. Foote John C. Krantz Carl C. Pfeiffer George W. Thorn 
W. B. Castle Harry Gold H. A. Langenhan Justin L. Powers Linwood F. Tice 
Cc. W. Chapman Forest J. Goodrich Cc. O. Lee . Allen Reese C. T. Van Meter 
B. V. Christensen Harvey B. Haag Thomas Lewis n W. Richards Randolph West 
Arthur C. DeGraff Loyd E. Harris Perrin H. Long oseph Rosin Heber W. Youngken 
E. V. Lynn illiam T. Salter Louis C. Zopf 


Details of distribution may be had upon request. 


$287 ,259.73 
Conven- Head- 
tion quarters Total 
... $106,774.31 
199.07 1,523.83 44,681.59 
11,521.12 
949 92 487 .40 2,711.20 
1,371.21 
1,123.45 
2,916.33 
27.78 27.78 
375.00 593 64 16,691 68 
ment. 2,428.28 2,428.28 
$66,854.70 190 246.95 
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The Synthesis of Acetyl-1-C'*-Salicylic Acid*t 


By JEAN W. CLAPPISON, J. P. HUMMEL, W. D. PAUL, and J. l. ROUTH 


N stupies of salicylate metabolism, the rate of 
I in vivo hydrolysis of the acetate portion of acetyl 
salicylate was of interest. The results of experi- 
ments using acetyl-1-C'*-salicylic acid, which was 
prepared by the following procedure, will be reported 
in a later publication. 

The method of synthesis employed was convenient 
for small-scale preparations of C-labeled aspirin 
in good yield without elaborate laboratory facilities. 
Sodium acetate-1-C'* was converted to acetyl chlo- 
ride which was allowed to react with salicylic acid 
in the presence of dimethyl aniline 


C.H,OCI 


CH;C“OONa ———> CH;COCI - 


EXPERIMENTAL 


One millimole of sodium acetate-1-C'* with an ac 
tivity of 1 me./mM! dissolved in 20 ml. of water was 
diluted with 16.6 Gm. of NaC,.H,O.-3H,0 in a large 
casserole. The mixture was cautiously heated in 
an oil bath to remove most of the water and then 
partially fused by heating over a low flame. The 
diluted anhydrous sodium acetate was stored in a 
tightly stoppered bettle 

A distilling flasks (150-cc.) with a 20-cm. frac- 
tionating column was directly fitted by all glass con- 
nection to a 100-ml. three-neck round-bottom flask 
with an Allihn condenser and a mercury seal stirrer. 
The round-bottom flask, containing 9.2 Gm. of dry 
salicylic acid and 10 cc. of redistilled dimethyl ani- 
line in 50 ml. of absolute ether, was cooled in an ice 
bath. Five grams of the diluted anhydrous sodium 
acetate-1-C'* was placed in the distilling flask, to- 
gether with 75 ml. of redistilled benzoyl chloride (a 
960 mole per cent excess) 


* Received June 6, 1951, from the Departments of Bio- 
chemistry and Internal Medicine (Div. Physical Med.), State 
University of lowa Medical School 

t Aided in part by grants from Bristol-Myers Company, 
New York, and the Institute for the Study of Sedative and 
Analgesic Drugs. 

' Obtained from Tracerlab, Inc. 


The distilling flask was gradually heated in an oil 
bath. The acetyl chloride-1-C'* began to distill at 
49° when the bath temperature had reached 170°. 
The temperature was slowly raised to 225° over a 
thirty-minute period during which the bulk of acetyl 
chloride distilled into the ice-chilled round-bottom 
flask containing the salicylic acid and dimethyl 
aniline. The yield of acetyl chloride in this step 
had been previously estimated to be approximately 
85%; the amounts of salicylic acid and dimethyl 
aniline employed were calculated on that basis. A 
reaction took place immediately, as evidenced by 
C.H,OHCOOH HOOC 

> 


CH,CHOW 


the separation of a layer of dimethyl] aniline hydro 
chloride. After stirring an additional fifteen min- 
utes after distillation ceased, the ether layer was 
decanted and the dimethyl aniline hydrochloride 
layer was shaken with ether three times. The com- 
bined ethereal solutions were dried over Na,SO, 
and then concentrated to approximately 20-ml. 
volume. An excess of low-boiling petroleum ether 
was added to precipitate the acetyl salicylic acid 
and crystallization was complete after standing 
overnight at —15°. 

The product after recrystallization from ether- 
petroleum ether was 7.6 Gm. (69°) yield). When 
compared with an authentic sample of acetyl sali- 
cylic acid by means of infrared spectrophotometry, 
the radioactive compound exhibited an identical 
pattern in the range of 2-154. The radioactivity 
of the product as measured with a 1.4 mg./cm.? 
mica window counter at a distance of 6 mm. was 
2,990 impulses /mg. / min. 

SUMMARY 

Acetyl-1-C'*-salicylic acid was prepared from 
sodium acetate-1-C'* by formation of acetyl-1-C'- 
chloride which reacted with salicylic acid in the 
presence of dimethyl aniline. 
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Book Reviews 


The Pharmacologic Principles of Medical Practice. 
2nded. By Joun C. Jr., and C. JELLEFF 
Carr. The Williams and Wilkins Co., Balti- 
more, 1951. xvii + 1116 pp. Illustrated. 16x 
23.5cem. Price $10. 

This splendid text is as up-to-date as the latest 
pertinent literature at the time the manuscript went 
to press. The same readable style that character- 
ized the first edition is retained, and much new in- 
formation is available in the authors’ clear and con- 
cise presentation. 

In order to present the pharmacodynamic and 
pharmacotherapeutic actions of drugs as they are 
used in medicine, extensive revisions in nearly all 
of the chapters in the text are evident. This was 
necessary because of the rapid advances which 
have been made in pharmacology in the past few 
years. The chapter on the antibiotics includes 
aureomycin, chloramphenicol, and terramycin, in 
addition to other new but less widely used anti 
biotics. New chapters discuss “The Chemother- 
apy of Tuberculosis,” ‘“‘The Chemotherapy of 
Rickettsial Diseases,’ ‘‘Anti-Motion Sickness 
Drugs,” and “Treatment of the Arthritides; the 
Adrenal Corticotropic Hormone and Cortisone.”’ 

The text material has been correlated with the lat- 
est official drug compendia: the U. S. P. XIV and 
the N. F. IX, and with N. N. R. 1950. The review 
of the first edition of the text clarified an ambiguous 
reference to the National Formulary. The second 
edition contains a perfectly clear and correct state- 
ment about that official publication. 

As was stated in the review of the first edition of 
the text by Drs. Krantz and Carr [Tuts JourNAL, 
38, 416(1949)}: “Probably no supporting science 
to the field of medicine has made greater progress 
during the past decade than pharmacology. Not 
only have a wealth of new drugs entered the pic- 
ture, but the drugs have been of such a nature that 
whole concepts of drug action have been changed 
or, at least, have been modified. Because of these 
advances, a new textbook has been badly needed 
and Drs. Krantz and Carr have met that need very 
well. 

“The authors have consistently emphasized their 
theme of pharmacologic principles in medical prac- 
tice. Never is basic principle sacrificed for obscure 
detail and yet rarely absent is the detail necessary 
for intelligent practice. In addition, the facts are 
marshaled in a readable and teachable manner. The 
human interest approach is used throughout and 
given emphasis by an excellent collection of por- 
traits of the leaders in the field—Magendie, Abel, 
Fleming, Spalding (too few pharmacologists appre- 
ciate his contribution), A. J. Clark, Waksman, Do- 
magk, Wells, Sertiirner, Chen, Hunt, McCollum, 
and others. 

“The drugs are grouped according to physiologic 
processes into anti-infective drugs, the response of 
skin and mucous membranes to drugs, the response 
of the central nervous system, the autonomic nerv- 


ous system, the heart and circulation, and the repro- 
ductive system to drugs, and the effect of pharma- 
cologic agents on metabolism 

“The appendix carries an interesting section on 
the discovery and evaluation of new drugs as well as 
a series of typical prescriptions.” 


Vol. Il. Edited 
Interscience Publish- 


Soybeans and Soybean Products. 
by S. MARKLEY. 
ers, Inc., New York, 1951. xvii + 604 pp.  Illus- 
trated. 16x 23.5cm. Price $11. 

The first volume of this book was reviewed earlier 
[Tuts JourNAL, 40, 116(1951)]. Since there are 
so many ramifications to the soybean industry and 
such a large number of products involved, the writing 
of a comprehensive review of the second volume will 
not be attempted. The contents of this volume, 
reproduced below, will indicate its scope. The qual- 
ity of the several additional chapters is assured 
from the names of the contributors. 


C. Processing. 
15. Solvent Extraction Processes (Louis F. Lang- 
hurst). 


D. Utilization of Soybean Products. 

Production and Utilization of Lecithin (Jo- 
seph Stanley). 

Processing of Edible Soybean Oil (J. W. Bod- 
man, E. M. James, and S. J. Rini). 

Nutritional Value of Soybeans and Soybean 
Products (Harry J. Deuel, Jr.). 

Edible Soybean Oil Products (H. C. Black 
and K. F. Mattil). 

Soybean Oil By-Products (R. W. Lehman 
and N. D. Embree). 

Nonedible Soybean Oil Products (Theodore 
F. Bradley). 

Soybean Oil Meal for Livestock and Poultry 

(J. W. Hayward). 

Soybean Protein Food Products (R. S. Bur- 
nett). 

Soybean Protein Industrial Products (R. S. 
Burnett). 

Other Soybean Products (Janice M. Smith 
and Frances O. Van Duyne). 


The pagination for volumes I and II of Soybeans 
and Soybean Products is continuous, and excellent 
author and subject indexes to both volumes are in- 
cluded at the end of the second volume. 


An Introduction to Organic Chemistry. 7thed. By 
ALEXANDER Lowy, BENJAMIN HARROW, and 
Percy M. Aprecsaum. John Wiley & Sons, 
Inc., New York, 1951. xiv + 480 pp. Illus- 
trated. 14.5x22cm. Price $5. 

This readable and interesting text should serve 
as a valuable introductory guide to organic chem- 
istry. It already has served this purpose for many 
students since its first edition was printed in 1924. 
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This seventh edition has required extensive revisions, 
especially in the sections devoted to aliphatic hydro- 
carbons and polymers. The correlation of the sub- 
ject matter with medical and biological applications 
and the inclusion of pictures of historically impor- 
tant chemists adds to the value of the text. 

The use of heavy single lines to indicate double 
bonds in cyclic compounds, especially with aromatic 
nuclei, is very intriguing and has possibilities. How- 
ever, the present application of this principle is an 
outstanding flaw in an otherwise excellent book. 
In some formulas the benzene ring would appear 
to have six double bonds or five or four double bonds 
instead of three, because all of the lines are of ap- 
proximately the same thickness and darkness. This 
would create lasting but false impressions in the mind 
of a student. The impression would be lasting be- 
cause this is a most attractive ring presentation, and 
for this reason the proof should have been studied 
with extreme care in order to correctly represent the 
valence bonds. 

Much information has been tabulated, and an 
exceptionaliy useful table of organic type formulas 
is included. This latter table should be a splendid 
memory aid for the student of elementary organic 
chemistry. Inclusion of the American Chemical 
Society nomenclature of organic compounds, 
Latin and Greek roots used in chemical terminology 
and a comprehensive bibliography are additional fea- 
tures of the book. 


Substances Naturelles de Synthese. Vols. I and I1. 
By Leon VeLtuz. Masson et Cie, Paris, 1951. 
l4l pp.and 138 pp. 16x 23.3cm. 

These volumes are the collaborative products of 
Drs. J. Mathieu and L. Velluz and chemical engi- 
neers A. Petit and P. Poirier, with Dr. L. Velluz 
as the editor. The authors present the published 


Revista de la Academia Colombiana de Ciencias 
Exactas, Fisicas y Naturales. Vol. VIII, No. 30, 
April, 1951. Publicacién del Ministerio de 
Educacion Nacional, Bogota, Colombia. 143 pp 
Illustrated. 25 x 33 cm. 

The Enzymes—Chemistry and Mechanism of Action 
Vol. Il, Part 1. Edited by James B. SuMNER 
and Kart MyrsdAck. Academic «Press, Inc., 
New York, 1951. xi + 790 pp. 16 x 24 cm. 
Price $14.80. 

Biochemistry and Physiology of Protozoa. Vol. 1. 
By AnprR& Lworr. Academic Press, Inc., New 
York, 1951. x + 434 pp. 15.5 x 238 cm. 
Price $8.80. 

Vitamin Methods. Vol. II. Edited by Pavutr 
Gyoércy. Academic Press, Inc., New York, 1951. 
xi + 740 pp. Illustrated. 16x 23.5 cm. 


BOOKS RECEIVED 


Vol. XL, No 10 


procedures used in the syntheses of certain com- 
pounds. The most important synthesis for each 
compound is presented in detail, giving the indi- 
vidual steps for the intermediate preparations. 
Other methods of syntheses for the same compounds 
are summarized. Information obtained during 
actual synthesis is included in the notes that are 
given for each compound. Alternate procedures 
are given where they have been found to be more 
efficient or more feasible. 

The volumes are similarly divided into three sec- 
tions. Section I is devoted to “Preparations” with 
a chapter given to each compound. The compounds 
included are: (Vol. I) Ascorbic Acid, Adenine, 
marked Adenine (N" at positions 1 and 3), Adeno- 
sine, Chloramphenicol, Esculoside, pt-Histidine, 
L-Tryptophane; (Vol. II) Adenylic Acid, pt-Aspar- 
tic Acid, Desoxycorticosterone, pi-Lysine, pDL- 
Methionine, Progesterone, t-Threonine, .-Thy- 
roxin. Section II is devoted to special methods of 
synthesis: (Vol. I) Coumarinic and Pyrimidic 
Cyclization; (Vol. II) Oppenauer Reaction and 
Functional Separation of Carbonyl Derivatives. 
The cyclization reactions are tabulated to show the 
reacting materials, the products, and the literature 
references. Section III is devoted to practical notes: 
(Vol. I) Pure Solvents (preparation, tests, and de- 
hydrating agents); (Vol. Il) Carbonyl Reagents, 
Ketone Reactions. 

The text is written in a readable French style, 
but an English translation would enlarge its field of 
usefulness. Each volume is well indexed accord- 
ing to the compounds and their intermediates, in 
addition to alphabetical lists of compounds and 
authors of references. 

This series, which will be continued, is a splendid 
addition to the literature on modern organic syn- 
thesis. 


Metabolic Methods (Clinical Procedures in the Study 
of Metabolic Functions). By C. Frank Con- 
SOLAZIO, RopertT E. JoHNSON and EVELYN 
Marek. C. V. Mosby Company, St. Louis, 
1951. 471 pp. Illustrated. 18 x 25.5 ecm. 
Price $6.75. 

Radioactivity Applied to Chemistry. Edited by 
ArtHurR C. Want and Norman A. BONNER 
John Wiley & Sons, Inc., New York, 1951. xv + 
604 pp. 15.5x 23.5cm. Price $7.50. 

Physical Biochemistry. 2nd ed. By Henry B. 
Butt. John Wiley & Sons, Inc., New York, 
1951. ix + 355 pp. 15.5 x 23.7 cm. Price 
$5.75. 

Solutions and Dosage. 2nd ed. By Sara JAMISON. 

McGraw-Hill Book Co., Inc., New York, 1951. 

xiii + 163 pp. 22x 28cm. Price $2.25. 
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For Your Formulation of CAPSULES 
— 
TABLETS 
O 


ay investigate this new easier-to-use 


Baker ALUMINUM HYDROXIDE 


Baker Aluminum Hydroxide, U.S.P., Dried Gel, in a new free-flowing form, will be 
welcome news to you as a drug or pharmaceutical manufacturer. 


4 


There are a number of reasons why this Aluminum Hydroxide provides more con- Other Baker 
venient handling for capsules, tablets and powders. It flows more freely. It is less Chemicals for 
dusty. It pours rapidly from containers without sticking. It mixes more freely in Antacid Preparations 


formulations. Capsules fill with far less difficulty. 
Bismuth Subgallate 


You can also make smaller tablets with higher acid-consuming capacity because Stent Suiseasbonate 
this Aluminum Hydroxide has greater density and improved antacid characteristics. M OE 
Magnesium Trisilicate 
Magnesium Oxide 
Bismuth Subsalicylate 


Baker Aluminum Hydroxide meets the Neutrality, Sulfate and other requirements 
of the U.S.P. Monograph. 


Write for a test sample ... then see for yourself how this new and improved prod- 
uct can help you in your formulations. 


J. T. Baker Chemical Co., Executive Offices and Plant, 
Phillipsburg, New Jersey. 


Baker Chemicals 


> REAGENT + FINE INDUSTRIAL 


or 
| 
Bismuth Subnitrate 
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Basic Approach 
RISING Sales Curve 


5 tes SUREST ROUTE to /asting sales-improvement is product-improvement 
.and often the most effective way to improve a product is through 
improved flavor or scent! 


As one of the world’s great suppliers of Essential Oils, Perfume Oils and 
Concentrated Flavors, MM&R has cooperated in the establishment of 
individualized odor or flavor personalities for hundreds of leading products! 
Perhaps MM&R can now be of important 
service to you! More than 56 years of 
specialized experience are at your 
command, without obligation. 


For full information, write to the OWS... 
MM&R Technical Service Dept. today. 


Masnus, Mase INC. 


SINCE 1895... ONE OF THE WORLD'S GREATEST SUPPLIERS OF Tarn ous | 


w DESBROSSES STREET, NEW YORK 13, N.Y. + 221 NORTH LASALLE STREET, CHICAGO 1, ILL. 


San Francisco: Braun-Knecht-Heimann Co. © Los Angeles: Braun Corp. «¢ Seattle, Portiand, Spokane: Van Waters & Rogers, Inc. 
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